鶏糞堆肥の多量施用による飼料用多収稲品種モミロマンの高位生産技術の確立 by 有澤 岳
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ŵ 1 ų ƇƬ  
 
čĘ 	0źĽƷǓ#Þ	 ĿÓƄǬ1 mıūsfǜŮ+ĿÓǬŖŗ
Ʊćř,ƎsąĤ¶À0ǭ1 ÐǬśŗō"ĽƷ#ýÄǬ1 m
ÃǓ"Îśǣĉ"tƃ3ǀ uÇǭŎ ǬŽƊƅÓǬ¢ĽǤ©Ǔ
ÃŬǡǬ!
ǡǬżǡ"ňǣĉ"Ɩƃő# 12%(ǁĜıŗŢ 2014)o
0ǭ(ǬǂÞ"G47ŋĉ"Ŵ¥,ǬǨŀǬ_Ō"ŜÛİƵ"äǝ -
0ŖŗǓ"ĿÓ
.ǬŬōŶ"³ǙvĠ#ǨǧǬ2014 ÞœµǬ2006 ÞǞ į&­ş
 -/ 1.4 y
. 2.0 y"ıŃ(ǁĜıŗŢ 2014) 	/Ǭ³"ǣĉŖŗǓ3À
Ä0¯Ɔ"ưǠ0ǭ"
ǬǣĉŘıū#ǬƱćř,Ǝsą
Ĥ¶"ĸŘ¢Ɠ/ǬǆÛ"ūsġ¹rſ§ġ¹rſ0*/Ƃ),
Ǭ(ǬǇsǚÍÓ"ġ¹X"ŉ(\ǒ 2011)Ãǭ"*Ǭ³
"ǣĉŖŗǬǣĉŘıūġ¹ėå10ǭ 
 ǣĉŘıū#Ǭňǣĉ0ǣĉŘźŽǣĉ0ūJTO:QBI<4PT>
,ū2.Řǅ -/1Ǭ­ŪƑõ10ǭŽǣĉ"Ɩƃő# 76%
0" ÐǬňǣĉ"Ɩƃő# 12%/(ǁĜıŗŢ 2014)ǬƖƃő¨X"ƫŉ

.#ňǣĉŘ¢ƓǣĉŘź"ġ¹íƦ10ǭ(ǬūJTO:Q
BI<4PT>#ůĐ ūJTO:QBI<4PT>ÑŘ"ĪģíƦ0"
 ÐǬǣĉŘź#èĚ"ǢŘź­Ū"ġ¹ǁĪǆ	/ĊƨûƸY
Ʀ0(\ǒ 2011)ǭ. ǬŻ"ǩ%"ƃǥ ǬD5MQ;=" 30%gĔ
 2 
Ż3ƃZĀǩ"ŗ	-$ƹ"õƉ#ǬD5MQ;=3ǓƃZ¾¥
§ũß/ǬŻ%"gĔ#¢Ɠ(ÝSx× 2013)ǭ"*Ǭů
ÆÌ"ŘĶŻ"(("ǩ%ƃǥ¢Ɠ/ǬÙǬƱćsĦ	-$;?D
"ƾĿ Ƌ0ǭ"-ŉ
.ǬǁÎǣĉŘıū"ġ¹3Ċ Ơ¾¥ǬŻ
"Ř3şŞǣĉŘź­Ū"ġ¹ĕ0ƌ0ǭ1970Þg
.ǣĉŘ
źġ¹3Ăǈ0#Ǭ³"ŖŗƷǀǣĉŬōvĠ"ǖ ÄĠ
Ú*ǬǣĉŘź"Ŗŗ#(/ǈÔ).1
ǭ"çǬ2008 ÞǞ
 ðņ ƺ³ǙŞŬō"vĠǨǧ -/ǬǣĉŘź$ķş3Ǜ*0- 
/Ǭ2009Þ źŬ"ĊŘǅ%"Ř"wǈ Ǘ0ĶæČƠ1Ǭ³"ǣĉ
Řźġ¹"ýÄ².10ǭčĘ"ǣĉŘź"ġ¹ǜŮ#Ǭ2004Þ # 45ha
Ǭ2012Þ # 3.5V ha ÄÀ(ǁĜıŗŢ 2014)ǭġ¹ǜŮÄÜ 
ÀƦ±Ǭ2010Þ
.Ơ210öøéƢ|MCOÐŷ"ıřĸŘ
Ɩƃ¨XaĦ -/ǬǣĉŘź"Ǔ î 5.510.5V/10a"ǨƢǔ"c
fƠ210*ƌ.1ǭUċǬǣĉŘź"vĠ#ǢŘźįƿ0š
ãÉv/ǬǣĉŘźŖŗ -0#ǬƢǔ ǟ0ǍÄǬdç+§ıŃ
"Ƣǔcf3Ƅ.10"
+YǄď0ǭ2020Þ"ňǣĉƖƃő"şĩ# 19%
/Ǭ1 ¥2ǣĉŘź"ġ¹ǜŮ 8.8V haǬŖŗǓ 70V t3şĩ
0(ǁĜıŗŢ 2010)ǭ"şĩ3Ǌõ0* #Ǭł3Ƣǔ uÇ
ŏó3ƔǬÉË3é.10ǑƦ0ǭ"* #ǬǣĉŘź"
ÀíƦ1Ǭo;?Dġ¹,¨Xùơ"ťŲĳ*.10ǭ(Ǭ
 3 
ǣĉŘź#ǥÎś Z.1ç Ǭ"ŗō0ƏS,^ƣ­ĽƷ1
0ǬǖāŞ ǢĉƖƃő"XĎ ÏZ0 0ǭ-ǬǣĉŘźŠā
ĽƷ10ÒǪ,Äƴ§ũßhX"Ɩƃő¨Xĝ3é0* #Ǭ800~900kg/10a
ũß"ǓíƦ0ƮŸ10(x×SÒğ 2009)ǭ"-Ʀ±
.+Ǭ
ǣĉŘźġ¹ 	ÉËǨnŖŗùơ"ťŲĳ*.10ǭ  
"-ƒĒ
.ǬǂÞ, ¤¶Ƒõ1Ãñ­Ū3\ì ǬǢŘź"Ý·
Ǔ" 80%À0 900~1000kg/10a 3şĩŤŰƠ210(Ĝ. 2012Ǭ\ǒ
. 2012, ƥř. 2012ǬÅÝ. 2012ǬǕř 2012Ǭ¦Ĳ 2012)ǭǣĉŘźŽŐźǓ
900kg/10a"ǨŖŗ3Ǌõ0 #Ǭıū¶XǍ"űƀªǓ 20kg/10aíƦ/Ǭ
ÃƐġ¹Y¢īƌ.10(¦Ĳ 2009)ǭ
ǬÈƐĉ -0ÃǓ"űƀû
#Ǭ;?D"À,ŕ¿%"ƶƚôï1ǬÈƐĉ
.¼Ɛ gĔ01
.3ú0¢Ɠ0ƌ.10ǭ(ǬÎśÿĵō -0űƀÿǓ#
74V t/Þ/Ǭ³"ÿǓ" 28% +Ǌ	/(čĘƙ¶śŗŪÆl 2010)Ǭ
1.3Ř0íƦ0ǭ
ǬÄǓ"ǀǣĉ uÇśŗ#Ǭÿ1
ƕÄÎśÿĵō"3ǁ¶ ǌ}0#ǬǂÞǬÎśÿĵō"Ř#
ĿÓǬàĤǓ#À0(WØSŧÖ 2009)ǭ"*Ǭ¼Ɛ"ŮħŞŘĳ
*.1	/Ǭsōġ¹ 	#ÈƐĉ ĔǬħÎś"àĤō3¼Ɛĸ
Ř0Ė(10ǭèǬĘŤŰ#ǬÈƐĉ3ĿǬ¼Ɛ3ČŘ0
´Á%"ĕĪō"ǌ}3ºŃǬůŻ"ǩ%"ƃǥ1 -/ÿ10
ǩž3¼ƐŘ0êŕ¸ǁĦ3òËǬǣĉŘź3ġ¹ǭ 
 4 
1(¼Ɛ"ĕĸŘ"ƫŉ
.ıř"¼ƐŘ Ĩ	 ĥƭ1
0ǭ¼ƐČŘ ǬƤĆÞhXǇÞČŘ0 -/ıūǓÀ0(
řSÝb 2002, WĻ 2007, ÄÖ. 1998, X]ƞSǕ 1998)"½«/Ǭ¼ƐČ
Řıř 	+ÈƐĉČŘ§ũßhX"Ǔ3é.10ƌ.10ǭ. Ǭ
¼ƐČŘĐė -0äǝ(. 2008ǬÄÎ. 2013)ǬǕėǇŘ"ĝ(ŻbSjŅ 2007Ǭ
př. 2002Ǭ¦Ņ. 2011)Ǭ15N ĩƳ -0¼ƐŚĚűƀ"ƯƁıū%"ªó
(Matsushita . 2000, X]ƞ. 2004)ǬNRǐ,8N"űƀhÂ"´ÁÈñ(jƟ
. 2005,ǔř. 2005, ř. 2005, qƟ 1989)"Ĩ	 ĥƭƠ210ǭ

Ǭ1."ŤŰ"Ã#ǬǢŘźġ¹ Ǘ0+"/ǬǣĉŘźġ¹ 	0
¼ƐČŘ Ǘ0ţƧ#ÓǭǢŘź­Ū"ġ¹#Ǭ­ƹ,Ǣ¬"¨X3²0*
"Ɛ¹ŹŔƠ210ǬǣĉŘź­Ū"ġ¹#ǬgƲ6FO9T"ǣĉv
{,Ã3ǑƦƩ0Ɛ¹ŹŔ².10ǭ(ǬǣĉŘź­Ū"­ŪŎñ#èĚ
"ǢŘź­ŪÄŜ/ǬŎ ǤƦĳǓ#ǢŘź­Ūį&Ã(Ęě. 1988)
10ǭ"*ǬǣĉŘźġ¹ 	ǬÈƐĉ3¼Ɛ gĔ0¾¥ǬǢŘź
­Ū į&ÃǓ"¼ƐČŘíƦ0ƌ.1ǬǣĉŘź"Ǔ,ǣĉv{3
ĢǬǋ¼ƐČŘǓ3ĥƭ0íƦ0ǭ. Ǭ¼Ɛ"Ɛő#ÈƐĉ-
/o*ǬÈƐĉ į&ÃǓ"ǤûƦĳ10ǭ
Ǭ1 -/Ǭűƀ
,NR´Á%ƜŮ/ǁ¶Â%ĹǬıƹ"ĴŇ3ü(ÄÎ. 2007)
"ŕ¿ƶƚ Ƌ0ĂŁ10ǬǣĉŘź­Ū#ǢŘź­Ū į&ǤªǓÃ
*(Ęě. 1988)ǬÃǓ"¼ƐČŘ -0ŕ¿ƶƚƾĿ10¢Ɠñ+ƌ.1
 5 
0ǭ-ǬÈƐĉ
.¼Ɛ gĔ¾¥Ǭ¼Ɛ"ǣĉŘź%"Ǥtƃ%"äǝ
3ď.
 0íƦ0ǭ"*Ǭ¼ƐČŘ -0´Á\"Ǥó,ǣĉŘź­
Ū"Ǥª ƱĞ0ǬǣĉŘźġ¹ 	0ǋ¼ƐČŘǓ"ĥƭ
3Ơǭ  
(ǬÃñ"ǣĉŘź­Ū#ǬǢŘź­ŪŜ0ñƹ/Ǭ"ÃƦ± 
+­Ū Ŝ0Ŏñ3Ŧ0ǭ"*ǬǣĉŘźġ¹ 	Ǭ"Ã
Ʀ±3ď.
 0#ǓÀ3²0XǑƦ0ǭĘƮǦŘǣĉŘź
­ŪMLQKR#ǬǓñ"¨X3şĩ³ǙūŤŰø" IR65598-112-23U°ƪ
Ã"ƥļ 203£3÷cǎƑõ1ǣĉŘź­Ū0ǭMLQKR"
ŭė#\Ŗ Õ0ǬŝŊėǖǕõŊė#đŖ ÕǬŨǕ#čĘē[)Ǭ
ŭĆ#ÓǬƙ¸#“ħŭǑ¸”/ǬŽŐźǓ#čĘē-/ 38%ǨÃñ­Ū
0 (ǁĜıŗŢ 2009)ǭ(ǬMLQKR#Ǭƍzkñâ(Ǐb. 2011)Ǭƈ
ñƐĉ"ǓºƐČŘűƀČƐǓ 24kg/10a "ħÃƐęi"ġ¹ 	ǬŽŐź
ǓA8EN3ƻ0ǨǓ(873kg/10a)3Ŧ(ÝĜ. 2010)ǬÃƐġ¹ ǋ0
ƌ.1ǬűƀtƃǓ"À -0À"¢Ɠñ3Ŧ0ǭ1(Ãñ­Ū"
ÃƦ± Ĩ	 ĥƭ1	/Ǭ"\ǬƤĆ"Ãñ­Ū"ÃƦ±
ǬŝŊėǖ\"Ǭ_ōŖŗƓ(Ęě. 1988, Œ. 1998, ĈƟ. 1990ǬƝ. 1988)Ǭ
Ƙƛ
.ŭ%"ƽĹ(Ęě. 1988ǬÊ. 1990b, áǍ. 1998, ǘ. 1997)	-$ ~ó
(Ý×. 1992, ĈƟ. 1990ǬÊ. 1990a, áǍ. 1998, ǘ. 1997) ŎëƧ.10
½«10ǭMLQKR 	+ǬǓ"À #@T?Ɠ"ÀÄ(¦Ĳ 2009)
 6 
,ǃƐ -0ŝŊĭ¥"¨X(ÝĜ. 2010)íƦ0½«1	/ǬŝŊėǖ\
"ŖƑǓ 'äǝ#Äƌ.10ǭĘŤŰ 	#ǬÈƐĉ"
2
/ ǬÈƐĉ į&ǉñ0ǩž¼Ɛ3ÃǓČŘ0 -/ǬŝŊėǖ\"
űƀª3ƅþS¨XǬ_ō§Ǔ"Àėå10ǭ(Ǭǩž¼Ɛ"ÃǓ
ČŘ#ǬMLQKR"ǣĉv{ +äǝ3'+"ƌ.10ǭ­Ū -/ŽƊƅ
"ǣĉõ©Ǔ#Ŝ/ǬǣĉŘź­Ū#ǢŘź­Ū į&Żź ©(10ŽƊƅ
©ǓÃ(ĺb. 2009ǬŅ¡. 2011)½«10ǭǣĉź"Ż"ǩ%"ƃ
ǥ3òË¾¥ǬgƲ6FO9T3À0* #ǬĽY¢ƓŽƊƅ"©Ǔ
3ħoĿǬe"õ3À0íƦ0ǭǣĉŘź­Ū"Ż#ǬŻĮ"¥
Ã*ŽƊƅ©ĕőǨ01(Ņ¡. 2011)ǬŝŊ"Ą® -/šÐŞ Ż
Į"¥Ò/ǬŽƊƅ©ĕő3oú0¢Ɠ0ƌ.10ǭ(
ǬŻ"űƀňß#ŽARH:ƹ©ĕőĬ"šǗ/ǬűƀČƐǓ"À -/
űƀªǓÀǬŻź"ARH:ƹ©Ǔ"À Ƌ0(ĺb. 2009)1
0ǭ"*Ǭǣĉv{"¨X #űƀªǓ"ÀY¢ī/Ǭǩž¼Ɛ"
ÃǓČŘ#ǣĉõ"À Ƌ0`Ł10ǭ. Ǭ^ Ŋė"ƛƼ"űƀňß
	-$ƛƗ{Őź"ARH:ƹ©ĕő"Ĭ"šǗ(ǫSŅř 1999),ŭăė"ƛƗ
Őź"űƀňß"Ĭ"šǗ(×ĘS»ǒ 1994)½«1	/Ǭ"-ƫ
ŉ
.+ǬMLQKR"ŝŊėǖ\"ŖƑǣĉõ 'äǝ#Äƌ.1
0ǭhX-/ǬMLQKR"ŝŊėǖ\"űƀª	-$_ōŖŗ3\ìÃ
Ʀ±"ĥƭíƦ/Ǭ(Ǭǩž¼Ɛ"ČŘ1. 'äǝ3ď.
 0
 7 
+ǑƦ0ǭ 
ĘŤŰ 	#Ǭǩž¼Ɛ"ÃǓČŘMLQKR"ŖƑ	-$Ǔ '
äǝ3ǬŝŊėǖ\"űƀª_ōŖŗ	-$ǩ%"ƃǥ3òËŻǓǣ
ĉõ Ŋė"ǂčĘēįƿǬĥƭǭ. Ǭ´Á	-$´Áńľ
"Ǥó3ƱĞ0Ǭ¼ƐČŘ -0ıřŕ¿%"äǝ3ď.
 ǭhX

.Ǭǋ¼ƐČŘǓ3ĥƭǬǩž¼Ɛ"ÃǓČŘ -0ǣĉŘıū­ŪMLQK
R"ǨnŖŗùơ"ťŲ3²ǭ 
 
 8 
Ó 2Ò ÅÏ£ë  
 
ñĎē2009# 2010Çr{ÂU|=ö¢qs ­«¿ċ
¾«Ë]Ê31506#'¸÷)BñēÈ¡fĔñ
Ď«¿ē2007#%kS46t 086) 60kg/10a(KÿHÐÙ 6.0kg/10aē46
ý 10.8kg/10aē,4+2 9.6kg/10a)ú¾Ssß(Sß)T	 ēĐØiß)
1.8tDM/10aú¾éißT	 # 3.6tDM/10aú¾pÿißT	 
)'' 20m×50m TÀ 3 Xðē31506)fĔ 2009 #%ē
ZñĎTI31506P"fĔñĎBñißēÇr{Â
IČĐjØ)V&ĐØiß&ĔēČĐjēñĎ«¿f
31506×)č9üL¾&ĔĐØißHÐÙµē2009 
# 2010"<º% 2.1%ēC/N¨ 2009 11.7ē2010 11.9
Ĕ2010ĐØißē«K 23Ē%ē<º%K46ý 	
8.4Ēē,4+2 	 5.4Ē(Ó 2-1ê)ĔSsß#iß¾ÿēĂ
&ċËßg´(Çr{Â½möz 2008, h¼ÂöüÚ^Wò 1989ēãe
Âö¢Û[.6/8 2007)ē ¤7Ãþ(2004)ĐØiß«¿¾&ßQ»ē
ißú¾«¿#&æÍēĄć#¯«$ÐÙ¯G(«¿ 2001))Ý
¬uĔSsß#ĐØiß#&ā 10a%¾KÿēSsß
THÐÙ 8.0kgē46ý 10.8kgē,4 9.6kgēéißTHÐÙ 39.8kgē46
ý 151.2kgē,4 97.2kgēpÿißTHÐÙ 77.6kgē46ý 302.4kgē,4 194.4kg
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Ĕ  
2009f£ë¦%&ĔéißT#pÿißT 3 11
ĐØiß)anêĈ}ēSßT 4  26 Ssß)¾Ĕéi
ßT#pÿißTēgßSsß)¾ĔñĎ«¿ 4
18Þõ)éē5 8# 5 21>
Ĕ31506#
ē4 15*.-àáfa)a 1.65kgFlàáÔē±Ê×)
àáÔ% 180g/Êē*.-àáfa) 1.0kg ìaĔ5  22  21.2 /m2
¡wÈ¡ĔÈ¡áåđē31506	 4.1ē	 3.5 
ĔùßHT 7  20 ēyÙ)ÐÙK 2kg/10a ¾Ĕąäē
§édROąä¥)¾éēąäN#ÁvèăąçNA¾Ĕ3
1506JÌSßT 8 18ēéißT#pÿißT 8 19
%ē¸SßT 10 15ēéißT#pÿißT 10 16
ĔJÌHT 8 19ē¸HT 10 3ĔY
ÎÑ©<¹#%31506×«K»	 15Ē?:¶ē;]Ê
" 10 24Ĕ;]Ê"bĆYÎ`joJēâåü
)`jûEĔ 
2010f® 2009´ĔéißT#pÿißTē1 18
iß)}ēSsßTē5  20 Ssß)¾ĔñĎ«¿ē4  18
Þõē5 7# 5 20>
Ĕ31506#ē4
15Êē5 22È¡Ĕùß 7 18éĔ31506JÌ
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SßT#éißT 8 18ēpÿißT 8 20%ē¸
SßT#éißT 10 15ēpÿißT 10 17Ĕ
JÌHT 8 18ē¸HT 10 2ĔYÎ 10 25
éĔ  
2009# 2010ñĎb"÷AMeDASî³D(°Ü\)(ªô))Ó 2-2
êÆĔ2009 ~cª² 15.8ēĄ«ÿ 1822mmē~c·ā
148 āĔ$ē7 ĕ9 ~cª² 22.5ĕ26.2ē·ā 89
ĕ157āĔ2010~cª² 15.9ēĄ«ÿ 2067mmē~c·
ā 167āĔ7ĕ9·ā 174ĕ244āē~cª² 24.3
ĕ28.5Ĕ2009ē9Ą«ÿ	~#%xē~cª²~É
ē6~8·ā	~#%ÄĔ2010ē8Ą«ÿ~#%x
ē9pĔ~cª² 6~9~#%ďē·ā" 5~9~#
%ĀĔ ēpÿißTē2009 10 8# 2010 9 25
Ċ#%ēÖ_C@	!$'Ĕ31506pÿißT" 2010  9 
25 Ċ#%9üēC@Ĕ'$?oñĎTC@í$'Ĕ
ē2010 9 25ó(Ó 3ÒÓ 2Õ#Ó 3Õïø)C@Mé('Ĕ
Ávè#&ĉHTí$'Ĕ  
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  .%1( %- 0- "$
% %( )
 (
 % %	

C%(2!%'5 %
 8#345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Ć 3 Ą øāĎÌ)0'Ę  
Ć 1 ć ŎĊĚ$Ŀ¼ð@?A>B$îě#k*£Ň  
Ć 1 ň @?A>B$ġDŏĠ¹ŏĢĞ\$¶ú 
 Èň%ŏ@?A>B)0'½ÈÁ$ġDŏĠ¹ŏĢĞ\#	ŏĐÀó#ĭÍ
30 #02ŏ½ÈÁ $Øĳ1@?A>B$Èó"îě#ŎĊĚ¼ðk*
£Ň6¿1#30 6ôó Ő 
 
Éº »Ü 
2009  2010 #ŏġDŏĠ¹)0'ĢĞ#	 1 j2Ķđ 15 Î6 3
±ŏĩ 45 Î#	ŏ2 ķŁ#C ĭÍŐĢĞ\%ĢĔċĩ SPAD502(MINOLTA)
6ð	ŏÂESĢ6 3 zĩäŏ$~\6ĢĞ\ Ő 
 
ĎÌ 
Ć 3-1-1-1 |# 2009 ŏĆ 3-1-1-2 |# 2010 $ġD$¶ú6474ùŐ2009
$@?A>B$ġD%ŏ7 Ã 4 ½+%iĚjō¶úŏ7 Ã 18 ½Nń%­ĥ
Ěj)0'ĿĚjōŐ+ŏHxü6rC¼ðjŁØĳ3 ŏ7 Ã 18
½Nńŏ½ÈÁ#Ø)@?A>Bō¶úŐ2010 $@?A>B$ġD.ŏ7
Ã 2 ½+%iĚjōŏ7 Ã 30 ½Nń%­ĥĚj)0'ĿĚjōŐ
+ŏHxü6rC¼ðjŁØĳ3 ŏ7 Ã 16 ½Nńŏ½ÈÁ#Ø)@?A>
Bō¶úŐ  
 13 
Ć 3-1-1-3 |# 2009 ŏĆ 3-1-1-4 |# 2010 $Ġ¹$¶ú6474ùŐH
 .#ŏĭÍÆŁ6ĵŏxü%½ÈÁŏ¼ðjŁ%ĿĚjŐ8
ÃJ¾#)3ĿĚj$@?A>B$Ġ¹%ŏH .#% 270 È/m2û 
Ő8 ÃJ¾$ĿĚj$Ġ¹6iĚj Øĳ3 ŏ2009 %@?A>B 1.48
Zŏ½ÈÁ 1.43 Zŏ2010 %@?A>B 1.95 Zŏ½ÈÁ 1.86 ZŐĚ
¼ð#03fep%ŏxüŁ%½ÈÁ#Ø)@?A>Bŏ+Ö#03
Ő 
Ć 3-1-1-5 |# 2009 ŏĆ 3-1-1-6 |# 2010 $ĢĞ\$¶ú6474ùŐH
 .#ŏ¼ðjŁ%ĿĚjō¶úŐHxü6rC¼ðjŁØĳ3
 ŏ2009 $ 7 Ã 18 ½Nń#)	ŏ½ÈÁ#Ø)@?A>Bō"3]t,1
4ŏ4N%C$]t%,14"Ő+ŏHxü .#ŏ2009 % 7
Ã 4 ½ŏ2010 % 7 Ã 2 ½#Â\6ùŏ$¤â3]t,14Ő@?A
>B% 2010 % 8 Ã 28 ½Nńŏ@?A>B$ĿĚjÂ.ō¶úŏÀÆ#
03âep2Ő2010 $ 8 Ã 28 ½1 9 Ã 25 ½$âep%ŏĿ
Ěj$@?A>BÂ.2Ő 
 
Ę  
@?A>B$Èó"îěóë¥6¿1#ŏŎĊĚ¼ð41#k*£Ň
#	ĘŏNF#ùŐ 
@?A>B$ġD%ŏúÐ 5 ķô3 7 Ãb¾+%iĚj. .ō(Ć
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3-1-1-1 |ŏĆ 3-1-1-2 |)ŐiĚj%ŏúÐd$iĚº¼ð#02îěbÆ$ġD
f Ę(14ŐŏÛñ#)3ĚĂċ$7B@=7¬Ăċ%ŏ
ã #02úÐ1 46 ķû á3 24)2(Ĥ 2004)ŏÈīŌ#)	
. 7 Ãb¾Nń%­ĥĚj)0'ĿĚj#Ø)ŏiĚjT¶ú)2ŏ
iĚº$Ěg%TF	 Ę(14ŐġDŏĠ¹)0'ĢĞ\$ÿ%Ăċvl
Ŀ õł2ŏġD$f%ĂċvlĿf$´Õ "3(ÇY1 1994) 24)
2ŏ7 Ãb¾Nń#)	ŏiĚj#Ø)ġDō¶ú­ĥĚj)0'Ŀ
Ěj%ŏŎĊĚ$ĂċWďĒ³24	 ¶ä24Ő@?A>B$Ġ¹#
	.ġD rÔ#ŏiĚj#Ø)Ě¼ð6ĥHj(Ć 3-1-1-3 |ŏĆ
3-1-1-4 |)ŏĚ¼ð#02Ġ¹f3]t,14ŐEĴ$ĵ2ŏġDŏĠ¹
)0'ĢĞ\$ÿ%ŏĂċvlĿ õł2(ÇY 1994)ŏĚ¼ð6ĥHj#
)3Ġ¹$f%ŏĂċvlĿf- ¶243Ő@?A>B$ĢĞ\%ŏ 
7 ÃE¾NńŏHxü .#â]t#(Ć 3-1-1-5 |ŏĆ 3-1-1-6 |)ŏ@?A
>B$âep%½ÈÁ#Ø)2ŏë#­ĥĚj)0'ĿĚj%âep
2Ő½ÈÁ#Ø)@?A>B%ÆNń.ĢĞ\6ōĒ³ŏ$]t%
Ě¼ð#02¢+ŐĢĞ\%ŏĢJĂċå  ×$õł2ŏĚ¼ð6ĥ
Hj%òèÆŁJ.ĢJĂċå 6ōĒ³	 ¶243ŐĢĞ\$ĭÍ
%ŏÂESĢ$ĭÍ2ŏÐêU_U6µ(.$%"	-ŏÀÆ #ca
2m26ĥ	ŏSc$Ăċå 6¿1#(Ć 3 ň)ŏ}J$Ăċå (Ć 3 ć)6
ĭÍ30 ŏēpĘ#)	ŎĊĚ¼ðĢJĂċå #k*£Ň)0'@
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?A>B$ĢJĂċå KêîïĿ#k*£Ň#	ĬČ"ÑĪ6ĥŐ  
Èøā#)	ŏ@?A>B$ġD%½ÈÁ02ōŏ21#ŎĊĚ¼ð#022
1#ġDf3]t,14ŐÛý$ġD$f%[P#Ė3 24	3
(qĝ1 1991ŏÈ1 1996)Ő+ŏĠ¹.ŎĊĚ¼ð#02f)2ŏĠ¹
$Óą"f%Ĺĕğ/çg`$f#Ė2ŏ[P$oĜ¨ō+3ŐÈøā#
)	ĿĚj$½ÈÁ%ŏMj ØĳĠ¹ŏġD.ō0 ŏ
Kêîï$f#G	 ¶243.$$ŏC»ŏ[P#Ė2lĿTFħ
{#"	 Ę(143Ő@?A>B$ę[P¨%ōŏăÙKéJ.Ē³243
(ļL1 2011)ŏ@?A>B6ð	ÏīŌ[P(÷ 2012)w24	3Ő
ÈīŌ#)	.@?A>B%ŏÂ.ġDōŏĠ¹ĿĚj%ŏ½
ÈÁ ØĳĲ [P)2ŏĚ6Ŀ¼ðpŏ[P#	
Ý«)3Ő+ŏŊºðĈ%ŏŉðĈ $VÒ$`¸/9;<TF$-#ŏ
ăÙKéĥ54	3ŐÈøā#)	.ăÙKé6ªŏÛ`uÄí 15%NF#
" 10 Ã 25 ½#lĀ)2ŏlĀ+$ÆŁŀ	-ŏ0$0
"æ1.[
P#Ý«¦ħ3ŐÈøāĲ $[P,14ĿĚj#)3Ě¼ðĿ
(3.6tDM/10aŏN:72kg/10a)NE$Ě¼ð%ŏ[P$oĜ¨ 	
Ĩæ1%+
"ŏlĿ$TF#"3 ¶243ŐŏËĢ1	 %ŏîědÆ6Ě
ÊOčĹ2ŏîěJÆ#Ăċ6vl230 ŏFSćŁRŀö"2ŏE
SĢİŀ"30 ŏ[P$oĜ¨6Tâŏîě¤Æ$îïĜ6Ē³3ġ#
"3 	3ŐÈīŌ#)	ŏĚ¼ð6ĥHj$ġD%ŏ Ãb¾+%i
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Ěj#Ø)T.$$ŏ$¤%ō¶ú0 1ŏEĴ rÔ$ġ#"
	3 ¶24Ő$-ŏĚ¼ð#03@?A>B$Ï%ŏîěbÆ$îě
Xĸ243iĚº¼ðÏ#Ø)ŏ[P$oĜ¨6Tâ2ŏîě¤Æ$îïĜ6
ōĒ³3 Ę(14ŏġD/ĢŅÿf3ĚÏ#ĺ	3 ¶
243Ő 
NE$0
#ŏĚ¼ð#03ġD/Ġ¹$f%[P$oĜ¨¯§243ŏĠ
¹$f#Q
Ĺĕğ/çg`$f%ŏ$0 [P/n^¬h$©i6¡
į02"4&ŏKêîï$Ńħ{#"1"	(t1 2012) w24)2ŏġ
D)0'Ġ¹$flĿ$f#G3æ.ŐĠ¹/ġD$f%ŏĂ
ċvlĿf$´Õ "3(ÇY1 1994) 24)2ŏĠĻ($Ŀ$ŋ`ģÿĉ
#ıßŏĉ$Ŋº°`$f#G30 oĜæ/Ġ¹$f#02Ģ
Ņÿfì¬#)	ġD$fn^¬h$·y#Ėæŏ21#þ¹$
f#03:B8Ŀ$f"!3Ő041#	%ŏÖňNń#)	ŏĻS
cKêĽŏĢŅÿ`ŏlĿ"!6ÑĪŏ41 p5ēpĘ#ĬČ"ÑĪ6
ùŐ  
 +ŏĚ¼ð#03Ġ¹$fep%ŏ½ÈÁ#Ø)@?A>Bŏ
xüŁ$%2ŏÖ#03%xüŁ#Ø)ŐÈīŌ%ŏiĚ
j)0'­ĥĚj#)	ŏ 2009 #Ø) 2010 Ġ¹%TF	ŏĿ
Ěj%rû Ő 2009 $ 6~8 Ã$½~Úã(àės)(ÚĮ)%ŏ\
 rû ¶ú	(Ć 2-2 Ħ)ŐC»ŏ2010 %\02ō¶ú	Ő
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Ě¼ð#02Tã#03lĿ$TF6²(14ŏĚ¼ðÛñ%iĚº¼ðÛñ#
Ø)ŏÚã$i#lĿ3 	3(ÅÃ1 2006, ņ 1988,  Þľ 
1987)Ő+ÅÃ1%ŏ~Úã\ Ø)T	+%ō	pŏiĚºĶ¼
ð Ø)ĚĶ¼ð#02ŏĠ¹f3 	3ŐÈīŌ#)	.ŏĿ
Ěj%I,$Ö(2009))0'ōã$Ö(2010) .#Ġ¹$6|30
 oĜŐC»ŏ­ĥĚj%ōã 2010 #Ġ¹TF
)2ŏĚ¼ð#03Ġ¹fgÌ%,14"Ő  
 NE02ŏ@?A>B%ŏ½ÈÁ#Ø)ŏġDōŏĠ¹"ŏĢĞ\%Hx
üC$]t%,14"Ő+ŏ@?A>B%Ě¼ð#02ġDŏĠ¹ŏĢ
Ğ\$f6|30 oĜŐÖňNń#)	ŏĚ¼ð#03041$
fKêîï#!$û G3$#	ŏn^¬h/ŋ`vl$æ1ÑĪŐ
C»ŏġD/Ġ¹$f%[P#Ė3oĜ¨2ŏĚ¼ðÏ#)	0$æ
#	Ę®¼ðĿ$ÑĪ¦ħ3Ő 
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Ĭ 2 ŷ MKSJT$ěČåů]$žx
/&_ďĕĖ 
 
 ­É$ŽÙėįĦ%ƇżėįĦ ę"2Éř1Ƈ$­ŏ#-
Ħ #ę"2ĐÉ5ġ2ƈ$,ƇŽÙėįò¤#
Ƈ$­ŏ
5Þ0#2 %Ŭª5 2YŪŏ2. $]ƇMKSJT#

-ƇŬ$ª#%@V?ŀ$ª®(þ 2009).şľ#/2ěČû$Y(¾í0
2010)Èŏ2 ¦3
1ƇěČåů]$ĕĿŬ#)ÃŶ%®
 ļ	032ƈçŷ%Ƈ¥ľ­ŬÜėěČåů]$tīĴ _ďĕĖ#)
ÃŶ5]Ç#ƇMKSJT$­ŏ#ôœƈ 
 
èÙ ÛĀ 
2009 ¿ 9 â 25 ÝƇ2010 ¿ 7 â 25 ÝƇ8 â 25 Ý
/& 9 â 25 Ý#ƇÅ0ţ
ķ 10 ñ5ċhĊ#ť&Ƈñ$ńX
/&Ń×5ą°Ƈ]Á" 2 ñ5ť&Ƈ
 6 ñ5ťÑƇdZ$Ŗð5ŋƈ¢Ų0 20cm  $¸e{#MKSJT
/
&Ýçà5y11Ƈņŵ ĤƇņŚ"0&#ĩ$ 3 ŧe#x{Ƈ0#ņŚ%ĕņ
 ïņ#x{ƈ$ÄƇ80 48 ßů_čÄ#ŧe{#_ďŪ5ŒąƈıĠ
Ƈ1mm ĞĮÄƇC/N ;VBV(MT-700 ND;xì¼õĢō)tīĴĈÀ5ą
°Ƈ33$ŧe
/&¸e$tīĴĈÀ _ďŪ0tīĴŬ5ÿ,ƈ*Ƈ
2010 ¿ 9 â 25 Ý#y1-$#ƇxssÀĀPTũ5Ƈ¯sĀ8
P7LƇJ:E=7LƇ8Q=7L$ĈÀ5ą°ƇtīĴŬ ÷#Ŭ5ÿ,ƈ 
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ĵî 
Ĭ 3-1-2-1Ō#Ƈ2009¿$ 9â 25Ý(ƃČå)$MKSJT
/&Ýçà$ŧe{_ď
Ū5ġƈŧe$_ďŪ%ƇÜľvēůãË"½1Ƈ­Ŭ¥ľ®Ƈ
Ħů%W°$p%+03"ƈņŵ Ĥ
/&ņŚ$_ďŪ%Ƈ\Ħ -
#Íŋ¥ľµƇĩ
/&¢Yŧ$_ďŪ%ƇMKSJT%ľƇ
Ýçà%Íŋ¥ľ33á-¶"ƇĦůę"2p+03ƈ 
Ĭ 3-1-2-2Ō#Ƈ2009¿$ 9â 25Ý(ƃČå)$MKSJT
/&Ýçà$ŧe{tī
ĴĈÀ5ġƈņŵ Ĥ
/&ņŚ$tīĴĈÀ%ƇMKSJT%ľ ­Ŭ¥
ľĥÀ1ƇÍŋ¥ľfƈÝçà%­Ŭ¥ľá-ƁƇù
Íŋ¥ľƇľ$Ÿƈņŵ Ĥ
/&ņŚ$tīĴĈÀ5WÜėů
üŜ2 ƇtīĴĈÀ%Ýçà#ü(MKSJTźŇ#Ɓƈĩ$tīĴĈ
À%ƇãË½%"-$$Ýçà$Íŋ¥ľ
/&­Ŭ¥ľƁƇ3d¬
$%ĥÀƈ  
Ĭ 3-1-2-3Ō#Ƈ2009¿$ 9â 25Ý(ƃČå)$MKSJT
/&Ýçà$ŧe{tī
ĴŬ5ġƈtīĴŬ%Ƈŧe#ÜľvēůãË"½1Ƈ­Ŭ¥
ľ­ƈ*Ƈņŵ Ĥ
/&ņŚ$tīĴŬ%ƇÝçà#ü(MKSJT
­ƈĩ
/&¢Yŧ$tīĴŬ%ƇMKSJT%ľƇÝçà%Í
ŋ¥ľ33á-¶"Ƈ_ďŪ ÷#Ħůę"2p+03ƈ  
Ĭ 3-1-2-4Ō#Ƈ2010¿$ 7â 25ÝƇ8â 25Ý(ĩÕåÄ)
/& 9â 25Ý(ƃČå)
 23 
$MKSJT
/&Ýçà$ŧe{_ďŪ$Ôģ5ġƈ*Ƈ7â 25Ý0 8â
25Ý
/&8â 25Ý0 9â 25Ý#
2_ďŪ$ªĄŬ5ġƇªĄŬ5 7
â 25Ý
/& 8â 25Ý$n5 100% ĜxđġƇªĄ~ ƈMKSJ
T$ŧe$_ďŪ%ƇtŖðÝ#
Ƈ­Ŭ¥ľ®Ôģƈ*ƇMK
SJT%ŧe$_ďŪ#Ƈľ#ü(Íŋ¥ľźŇ#­Ƈĩ% 2
mdYƇÝçà%ľ Íŋ¥ľ$½%µƈņŵ Ĥ$_ď
Ū%Ƈt 7â 25Ý0 8â 25Ý#®ªƇ$ªŬ%­Ŭ¥ľ­
Ƈ8 â 25 Ý0 9 â 25 Ý$ªĄŬ%tµƈņŚ$_ďŪ$ 7 â 25 Ý
0 8 â 25 Ý$ªŬ%ƇÝçà$­Ŭ¥ľ­Ƈ$ª~-Ɓƈ8
â 25Ý0 9â 25Ý%ƇMKSJT$Íŋ¥ľd¬$t$Ą¶
1Ƈ
MKSJT$­Ŭ¥ľƇÝçà$ľ
/&­Ŭ¥ľĄ¶Ŭ­ƈĩ$
_ďŪ$ 8â 25Ý0 9â 25Ý$ªŬ%ƇMKSJT$­Ŭ¥ľá-­Ƈ
MKSJT$Íŋ¥ľƈ*Ƈ$ª~%ƇMKSJT%t
ĥÀ$#´ƇÝçà%ľ#ü(¥ľÜėµƇWÜ
ėůüŜ2 Ýçà#ü(MKSJT®ƈ$,ƇÍŋ¥ľ ­
Ŭ¥ľ$ĩ$_ďŪ%Ƈ8 â 25 Ý%MKSJT#ü(Ýçà­Ƈ9 â
25 Ý%Ýçà#ü(MKSJT­"ƈ¢Yŧtg$_ďŪ$ªŬ%Ƈ\
Ħ#
­Ŭ¥ľ­Ƈ8â 25Ý0 9â 25Ý$ª~%Ƈ¥ľÜė
®"2p+03ƇÝçà%Üľvēů½%+03"ƈ*Ƈ
MKSJT$Íŋ¥ľ
/&­Ŭ¥ľ%Ƈ7â 25Ý0 8â 25Ý$ªŬ 8
 24 
â 25Ý0 9â 25Ý$ªŬ%ĥÀƇÝçà% 7â 25Ý0 8â 25
Ý$ªŬ#ü( 8â 25Ý0 9â 25Ý$ªŬ%¶"ƈ 
Ĭ 3-1-2-5Ō#Ƈ2010¿$ 8â 25Ý(ĩÕåÄ)
/& 9â 25Ý(ƃČå)$MKSJT

/&Ýçà$tīĴĈÀ5ġƈņŵ Ĥ$tīĴĈÀ%ƇtŖðÝ#
Ƈ\
Ħ -#­Ŭ¥ľ®ÔģƈMKSJT$­Ŭ¥ľ#
2ņŚ$
tīĴĈÀ$Ą¶~%Ƈ7â 25Ý0 8â 25Ý
/& 8â 25Ý0 9â 25Ý -
#µƇņŚ$tīĴĈÀ%ƁĸÒ3ƈWÛƇÝçà$­Ŭ¥ľ%Ƈ7
â 25 Ý%Ɓn5ġƇ7 â 25 Ý0 8 â 25 Ý$Ą¶~c#ü(®
Ƈ8â 25Ý0 9â 25Ý$Ą¶~-Ýçà$ľ#ù®ƈĩ$t
īĴĈÀ%Ƈ8 â 25Ý
/& 9â 25Ý -#Ƈ\Ħ#
­Ŭ¥ľƁƇ
WÜėůüŜ2 \ĦĥÀƈ*Ƈĩ$tīĴĈÀ%Ƈ8 â 25
Ý0 9â 25Ý*#%Ƈt®"ªĄ%+03"ƈ 
Ĭ 3-1-2-6Ō#Ƈ2010¿$ 7â 25ÝƇ8â 25Ý(ĩÕåÄ)
/& 9â 25Ý(ƃČå)
$MKSJT
/&Ýçà$tīĴŬ$Ôģ5ġƈ7 â 25 Ý0 8 â 25 Ý

/&8â 25Ý0 9â 25Ý#
2tīĴŬ$ªĄŬ5ġƇªĄŬ5 7â
25Ý
/& 8â 25Ý$n5 100Ɔ ĜxđġƇªĄ~ ƈtīĴŬ
%ŧe#ƇtŖðÝ#
ƇMKSJT%­Ŭ¥ľá-­Ƈù
Íŋ¥ľƇľ$Ÿƈ*Ƈ9 â 25 Ý$tīĴŬ%ƇMKSJT%
ŧe#ľ#ü(Íŋ¥ľźŇ#­Ƈĩ
/&¢Yŧ% 2mdY
ƇÝçà%ľ Íŋ¥ľ$½%¶"ƈņŵ Ĥ$tīĴŬ%Ƈ
 25 
MKSJT$Íŋ¥ľ% 8 â 25 Ý 9 â 25 ÝĥÀ$n5ġ
1Ƈ­Ŭ¥
ľ%ªƈWÛƇÝçà% 8 â 25 Ý0 9 â 25 Ý*#tĄ¶

1Ƈę"2pƈņŚ$tīĴŬ$ 8 â 25 Ý0 9 â 25 Ý*$Ą¶
Ŭ
/&Ą¶~5WÜėůüŜ2 Ýçà#ü(MKSJT¶"Ƈ9
â 25 Ý$Íŋ¥ľ
/&­Ŭ¥ľ$tīĴŬ%Ƈ8 â 25 Ý%Ýçà MKS
JTĥÀƇ9 â 25 Ý%Ýçà#ü(MKSJT­ƈÍŋ¥
ľ
/&­Ŭ¥ľ$¢Yŧtg$tīĴŬ#ƇÝçà% 7 â 25 Ý0
8 â 25 Ý#ü( 8 â 25 Ý0 9 â 25 Ý$ªŬ¶"$#´ƇMKSJ
T% 7 â 25 Ý0 8 â 25 Ý$ªŬ­Ƈę"2p+03ƈ 8 â 25 Ý
0 9 â 25 Ý*$ªĄ~5WÜėůüŜ2 ƇMKSJTÝçà#ü(
­ƈ*ƇMKSJT%ľ#ü(¥ľÜė®"2p+03Ƈ
Üėů$½%Ýçà#ü(MKSJT®ƈ 
Ĭ 3-1-2-4 Ō#ġŧe{$_ďŪ
/&Ĭ 3-1-2-6 Ō#ġtīĴŬ0 2010 ¿
$ĩ$_ďŪ
/&tīĴŬ$ěČåů]$ª"0&#cŧe0$ģŋŬ5ĭ
wƇĬ 3-1-2-7 Ō#ġƈ8 â 25 Ý0 9 â 25 Ý*$ĩ$_ďŪ
/&tīĴ
Ŭ$ªŬ533ĩ_ďŪªŬ
/&ĩtīĴŬªŬ ƈ*
Ƈ8â 25Ý0 9 â 25Ý*$¢Yŧtg$_ďŪ
/&tīĴŬ$ªŬ5ě
Čåů]$ªx ƈĩ_ďŪªŬ
/&ĩtīĴŬªŬ033$
ěČåů]$ªx5½Â-$%Ƈ3*#ĩd¬$ŧe#ňĪ3-$
ĩ#ģŋ ļ	03ƇƉcŧe0$ģŋxƊ ƈMKSJT$ĩ_ďŪª
 26 
Ŭ%­Ŭ¥ľá-®ƇÍŋ¥ľ-ľ$ 2mdYƈWÛƇÝç
à$ĩ_ďŪªŬ-­Ŭ¥ľ®Ƈľ Íŋ¥ľ%ĥÀ
ƈĩ_ďŪªŬ#ěČåů]$ªx,2~%ƇÝçà#ü(MKSJT
®Ƈ\Ħ -#Ƈľ#ü(Íŋ¥ľ
/&­Ŭ¥ľ®ƈt
īĴŬ#-_ďŪ ÷$p5ġƈMKSJT$ĩtīĴŬªŬ%Ƈ
ľ#ü(33Íŋ¥ľ% 2mƇ­Ŭ¥ľ% 3mdYƈWÛƇ
Ýçà$ĩtīĴŬªŬ%Ƈľ Íŋ¥ľĥÀ1Ƈ­Ŭ¥ľ%
ľ$ 2mĥÀƈěČåů]$ªx,2~%Ýçà#ü(MKSJT
®Ƈ\Ħ -#ľ#ü(Íŋ¥ľ
/&­Ŭ¥ľ®ƇĐ#MK
SJT$Íŋ¥ľ
/&­Ŭ¥ľ% 80%dY ®"~5,ƈ  
Ĭ 3-1-2-9 Ō#ƇMKSJT
/&Ýçà$ŧe{$žxĈÀ5ġƈņŵ Ĥ
$PTũĈÀ%Ƈ\Ħ -#­Ŭ¥ľá-Ɓn5ġƇWÜėůüŜ
2 Ýçà#ü(MKSJTƁƈņŚ%Ƈ\Ħ -#Üľ#/2½%µ
ƇÝçà#ü(MKSJTƁƈĩ$PTũĈÀ%ƇMKSJT%­Ŭ¥ľ
á-ƁƇùÍŋ¥ľƇÝçà%ľá-Ɓę"2p
ƈ8P7LĈÀ%Ƈņŵ Ĥ
/&ņŚ#ü(ĩfn5ġƈņŵ 
Ĥ$8P7LĈÀ%ƇMKSJT$­Ŭ¥ľƁƇ3d¬$%ĥÀ
ƈņŚ%Ƈ\Ħ -#­Ŭ¥ľƁƇWÜėůüŜ2 ƇMKSJ
T Ýçà%ĥÀƈĩ$8P7LĈÀ%ƇMKSJT%ľá-Ɓ
n5ġƇÝçà%Üėů$źŇ"½%+03"ƈ8Q=7LĈÀ%Ƈņ
 27 
Ś
/&ĩ%fƇņŵ ĤƁ"2pŐ03ƈņŵ Ĥ$8Q=7LĈÀ
%\Ħ -#­Ŭ¥ľfn5ġƈņŚ%Ƈ\Ħ -#Íŋ¥ľƁ
ƇMKSJT%­Ŭ¥ľfƈĩ%ƇtnfƇMKSJT%
­Ŭ¥ľá-fÝçà%­Ŭ¥ľƁƈņŵ Ĥ$J:E=7
LĈÀ%ƇMKSJT%tĥÀ1ƇÝçà#ü(MKSJTƁƈ
ņŚ%MKSJT$­Ŭ¥ľƁƇĩ%tĥÀƈ  
Ĭ 3-1-2-10Ō#MKSJT
/&Ýçà$ŧe{žxŬ5ġƈ\Ħ -#t
ŧeƇt$ŷĞ#
­Ŭ¥ľá-­ƈ¢Yŧtg-÷$p
+03Ƈ3$ŷĞ#
-MKSJT%­Ŭ¥ľá-­Ƈľ#ü(
 2mdY$n5ġƈ*ƇMKSJT%ľ#ü(Íŋ¥ľ­
ƇÝçà$Íŋ¥ľ%ľ ĥÀľ/1¶"p+03ƈ
$p%ƇPTũ%tŧeƇ8P7L J:E=7L%ņŵ Ĥ
/&ņŚ+
03ƈ 
Ĭ 3-1-2-11 Ō#MKSJT
/&Ýçà$_ďŪ
/&žx$ŧe{$xŨđ5ġ
ƈĬ 3-1-2-4ŌƇĬ 3-1-2-6Ō
/&Ĭ 3-1-2-10Ō#ġŧe$_ďŪ
/&ž
xŬ¢Yŧtg#,2~5xŨđ ġƈ_ďŪ%Ƈ\Ħ -#ĩ
$xŨđá-ƁƇņŵ ĤƇņŚ$xŨđá-fƈtīĴ%Ƈ
\Ħ -#ĩ$xŨđƁƈ*Ƈņŵ Ĥ
/&ĩ%ƇÝçà%Üľů
$½µƇMKSJT%Íŋ¥ľ ­Ŭ¥ľ$½®Ƈę"
2p+03ƈÜľvēůüŜ2 Ƈ\Ħ -#ĩ$xŨđ%­Ŭ¥ľ
 28 
á-fƈPTũ%ƇMKSJT$ľ%ņŵ Ĥ$xŨđá-ƁƇ
3d¬$%ĩ$xŨđá-Ɓƈ8P7L%Ƈņŵ Ĥ$xŨđƁ
ƈ*ƇņŚ$xŨđ%Ƈ\Ħ -#ľ
/&Íŋ¥ľ#ü(­Ŭ¥ľ
Ɓƈ8Q=7L%Ƈņŵ Ĥ$xŨđ4,ƁƇĩ
/&ņŚ$xŨđ%
fƈņŵ Ĥ$xŨđ%ƇMKSJT%c#ü(­Ŭ¥ľƁ	 
Ýçà$­Ŭ¥ľ%Ƈc#ü(fn5ġƈJ:E=7L%Ƈņŵ Ĥ

/&ĩ$xŨđƁƇņŚ
/&ĩ$xŨđ%fƈ*ƇMKSJT%ƇÝ
çà#ü(Ƈņŵ Ĥ$xŨđƁƇņŚ
/&ĩ$xŨđf"2p+0
3ƈ 
 
ļ³ 
 
 2010 ¿$ñ1tīĴŬ(Ĭ 3-1-2-6 Ō)0eŴĪ1$tīĴŬ5Ô
°ĵîƇMKSJT$ľ% 5.2 kg/10 aƇÍŋ¥ľ% 10.6 kg/10 aƇ­Ŭ¥
ľ% 21.8 kg/10 aƇÝçà$ľ% 7.2 kg/10 aƇÍŋ¥ľ% 7.9 kg/10 aƇ­
Ŭ¥ľ% 19.4 kg/10 a ƈýħ$tīĴŬ%Ƈ\Ħ -#īĴÜėŬ$
á-®­Ŭ¥ľ®ƇùÍŋ¥ľƇľ$ŸƇěČåů
]$tīĴ._ďĕĖ#%Ħůę"2p+03ƈ 
Ýçà%ƇMKSJT#ü(ěČåůd}#Ɓ_ďĕĖ5ŋƇ ěČåů]
2 8 â 25 Ý0 9 â 25 Ý*$_ďŪª~%Ƈt 25%ĥÀ MKSJT#ü
 29 
(µƇÜėů$½%µ(Ĭ 3-1-2-4 Ō)ƈ*ƇņŚ$tīĴŬ®
Ą¶(Ĭ 3-1-2-6Ō)ƇtīĴĈÀ%MKSJT#ü(f"(Ĭ 3-1-2-5
Ō)ƈ$,ƇÝçà$sÏĕĖŀ%fZƇěČåů$_ďĕĖŀ%MKSJT
#ü(Ą¶ Ô³3ƈýħ%Ƈwĩå*#Ɓ_ďĕĖ5ŋ Ƈ$
óďg5ĸÒ2,#Ŭª®ƇěČåů]$ĕŮđfZ2(ƅŊ0 
2000) 3
1Ƈ­Ŭ¥ľ$Ýçà%ƇņŚ$_ďŪƁĸÒ3Ƈ
ěČåů]$_ďŪ$ª%¶"Ƈ_ďĕĖđ%®fZ2 Ô³3ƈ
ƇěČåů]$_ď
/&tīĴŬ$ĩ'$cŧe0$ģŋŬ%ƇMKSJ
T/1­ƇěČåů]$ĩ$_ď
/&tīĴŬ$ªŬ#,2~-®
(Ĭ 3-1-2-7ŌƇĬ 3-1-2-8Ō) 0ƇěČåů]$ņŚ$tīĴŬ.ņŴĪ$Ą
¶%Ƈĩ'śĂ2, ļ	03ƈ$,ƇÝçà%ěČåůd}$_ďĕ
ĖİŬ#)ÃŶ%®Ƈ´#ěČåů]$_ďĕĖİŬ#)ÃŶ
%µ ļ	03ƈ 
WÛƇMKSJT%Ýçà %ę"2p5ġƈMKSJT$ 8 â 25 Ý0
9 â 25 Ý*$_ďŪª~%ƇÝçà/1®Ƈľ/1Íŋ¥ľ.­Ŭ
¥ľ®(Ĭ 3-1-2-4ŌƇĬ 3-1-2-7Ō)ƈ0#MKSJT$ěČåů]$ĩ
Ūª%Ƈ3*#ŧe#ňĪx5ė~µƇÍŋ¥ľ
/&
­Ŭ¥ľ% 90%dYěČåů]$ªx#/,03(Ĭ 3-1-2-7Ō)ƈ
Ŏ×$­ÉĦ$­ŏ ƇěČåů]$_ďĕĖŬ® (ŉ0 1988Ƈ
ØŊ0 1990) 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2#¯arĻūĜ(ğ 3-1-3-2 Ń)"¬3 20cm #¯a#ĻūĜ(ğ 3-1-3-4 Ń)
#v6¯ar#ĻūĜp³vŷ7 Ù 25 Ô#¯arĻūĜv"	ŶØ
.!v6}-¯$ŶJIOHP#{Ĳ| 20~40cmŶÃłĲ|
20~40cm 2Ŷ40~60cm .ę·!	2ŶşĲ| 40~60cm #¯2Ŷ
 48 
ÃłĲ|	0&şĲ|${Ĳ|"ï(U¯"ĻūĜp³ŷ8 Ù 25 Ô
#¯arĻūĜv"	ŶØ.!v6}-¯$ŶJIOHP#{Ĳ|
 20~40cmŶÃłĲ| 40~60cmŶşĲ| 60~80cm#¯ŷ7Ù 25Ô
é"ŶÃłĲ|	0&şĲ|${Ĳ|"ï(U¯"ĻūĜp³3j
,14ŷ+ŶØ.!v6}-3¯#ĻūĜp³v$ŶJIOHP$l|
 37%ę·#"¬ŶÔÜ×#{Ĳ| 40.5%ŶÃłĲ|$ 50.2%Ŷ
şĲ|$ 41.1%2ŶSÓĊ|šïœ3JIOHP"ï(ÔÜ×

ŷØ.!v6}-3¯ê!¯#ŉ6SÓĊ|šïœ
.ŶJIOHP"ï(ÔÜ×
ŷ9 Ù 25 Ô.é#j,14Ŷ
Ø.!v6}-¯#ĻūĜv$ŶJIOHP#{Ĳ| 39.1%ŶÃł
Ĳ|$ 36.7%ŶşĲ|$ 35.0%#"¬ŶÔÜ×#{Ĳ| 50.2%Ŷ
ÃłĲ|$ 46.6%ŶşĲ|$ 43.3%2ŶSÓĊ|šïœ3JI
OHP"ï(ÔÜ×
ŷØ.v6}-3¯ê!¯#ŉ
6ïœ.é"ŶJIOHP"ï(ÔÜ×
ŷ#-Ŷ8 Ù 25
Ô	0& 9 Ù 25 Ô"	ŶJIOHP$ÔÜ×"ï(ŶS#¯"ĻūĜŨY
3!´¶¯"p³3j,14ŷ 
7 Ù 25 Ô# 020cm 	0& 2040cm #Ē¬kº·$ŶXĚ."şĲ|
]|02b
ŷ8 Ù 25 Ô"	3ŶĒ¬kº· 40%^V#¯#ĻūĜv$Ŷ
JIOHP#{Ĳ|$ 39.0%ŶÃłĲ|$ 1.4%ŶşĲ|$ 73.4%ŶÔÜ×
#{Ĳ|$ 44.4%ŶÃłĲ|$ 33.2%ŶşĲ|$ 90.2%2ŶĒ¬kº
 49 
· 40%^V#¯#ĻūĜv$ŶXĚ."{Ĳ|	0&ÃłĲ|"ï(ş
Ĳ|!3j,14ŶSÓĊ|šïœ3ŶJIOHP$ÔÜ×"ï
(Ē¬kº· 40%^V#¯#ĻūĜv­
ŷ+ŶĒ¬kº· 80%
^U#¯#ĻūĜv$ŶJIOHP#{Ĳ|$ 26.4%ŶÃłĲ|$ 40.7%Ŷ
şĲ|$ 26.6%ŶÔÜ×#{Ĳ|$ 15.2%ŶÃłĲ|$ 16.6%ŶşĲ|
$ 9.8%2ŶSÓĊ|šïœ3ŶJIOHP$ÔÜ×"ï(Ē¬kº
· 80%^U#¯#ĻūĜv
ŷ9 Ù 25 Ô"	3ŶĒ¬kº· 40%^
V#¯#ĻūĜv$ŶJIOHP#{Ĳ|$ 21.8%ŶÃłĲ|$ 47.1%Ŷş
Ĳ|$ 31.0%ŶÔÜ×#{Ĳ|$ 0%ŶÃłĲ|$ 25.5%ŶşĲ|$
84.1%2Ŷ{Ĳ|	0&ÃłĲ|$JIOHPŶşĲ|$ÔÜ×
!3j,14ŷ  
 ğ 3-1-3-5 Ń"Ŷ2010 µ# 7 Ù 25 ÔŶ8 Ù 25 Ô(ěÍÛ¼)	0& 9 Ù 25 Ô(ųþÛ)
#kfÏ6Ėŷgcİ#kÂz6ŃkfÏ$ŶĜġĻūĜÉÏĒ¬kº
·
1(Monsi,M.Saeki,Tŷ1953Ŷ° 2009)ġoŷJIOHP#şĲ|$Ŷ
7 Ù 25 Ô$ 0.63Ŷ8 Ù 25 Ô 0.58Ŷ9 Ù 25 Ô 0.71 2ŶJIOHP#{Ĳ|	0
&ÃłĲ|"ï(Ŷ­i6ĬÈŷÔÜ×$ 7 Ù 25 Ô	0& 9 Ù 25 Ô"	
Ŷ{Ĳ|Ø.­i6Ėŷ 
 ğ 3-1-3-3 "Ŷ2010 µ# 8 Ù 25 Ô(ěÍÛ¼)	0& 9 Ù 25 Ô(ųþÛ)#JIOHP
	0&ÔÜ×#¯ar#ĻőlĞħù·6Ėŷ¯ ar#ĻőlĞħù·$Ŷl|
U¯
1V¯""4b!3j,14U¯V¯#Ļő#lĞħù
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·#²$ŶÔÜ×"ï(JIOHP­
ŷ+Ŷ8 Ù 25 Ô"ï( 9 Ù 25 Ô
$l|lĞħù·$÷®3Ŷ#÷®v$ÔÜ×"ï(JIOHP­
Ŷ9 Ù 25 Ô#lĞħù·.SÓĊ|šïœ3JIOHPŶĀ"J
IOHP#şĲ|$l¯ 1.4%^U6ĬÈ	2Ŷ]|"ï(Ůļ"

ŷ 
 ğ 3-1-3-4 " 2010 µ# 8 Ù 25 Ô(ěÍÛ¼)	0& 9 Ù 25 Ô(ųþÛ)#¯ar#Ļ
ő#lĞħş6Ŷğ 3-1-3-5 "#¯arp³v6ĖŷĻőlĞħş#l
¯#ŉş$ŶXĚ."şĲ|
ŷSÓĊ|šïœ3Ŷ{Ĳ
|$ÔÜ×ŶÃłĲ|$JIOHPŶşĲ|$JIOHP
ÔÜ×ę·ŷ020cm 	0& 2040cm #ĻőlĞħş#ŉ6SÓ
Ċ|šïœ3ŶXÔ."JIOHPï(ÔÜ×ę·^U#i6Ė
ŷ+Ŷ020cm 	0& 2040cm #ĻőlĞħş#p³v6SÓĊ|šï
œ3Ŷ8 Ù 25 Ô$JIOHP"ïœÔÜ×Ŷ9 Ù 25 Ô$Ãł
Ĳ|$JIOHPŶ]#|$XĚę·ŷ1"ŶĒ¬kº
·(ğ 3-1-3-4 Ń) 80%^U#¯#ĻőĞħş6SÓĊ|šïœ3Ŷ9 Ù 25
Ô#{Ĳ|$ÔÜ×
ŶÃłĲ|	0&şĲ|$XÔ."JI
OHPŶĀ"şĲ|#JIOHP#ĻőĞħş$Ŷ#jŮļ
2Ŷp³v".é#j,14ŷ 
 
ı« 
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 Üŋű"	ŶJIOHP#ĈĻÏ	0&ĻūĜ$ŶÔÜ×02­i
ŶĎþÛšY#÷®v$­
(ğ 3-1-3-1ŃŶğ 3-1-3-2Ń)ŷ+ŶĻő#l
Ğħù·$ÔÜ×"ï(JIOHPŲĬÈ4(ğ 3-1-3-3 )ŶÃłĲ|	0&
şĲ|$ŶĻĶi#ĎþÛšY#÷®v$­
(ğ 3-1-3-2 Ń)ŷĻő#
lĞħù·$ŶgĻkÄŖ·(CER)"ªË!ë#ĒŢ3(ŴċQĄÞ 1990)4Ŷ
JIOHP#ĎþÛšY#gckÄĴw$bVŶZÿĈĉĴw.ĬÈ4Ì
«4ŷ 
 ¤1(1990)$ŶYĉD8FN@AM8="	Ŷ¯ar#ĻūĜp³ZÿĈĉ
"»Ŭ6*Ŷņ#S33ŷĻūĜ#x$kÄĈĉş#
x"©W3ŶSÒĻūĜ#řu!x$Ŷřĭķ!2ŶĻūĜ2#kÄ
ĈĉĴbVŶkÄĈĉş#x"Į1!.3ŷĻūĜx
"	ŶkÄĈĉ"»Ŭ6*tŤņ!3.#Ŷİĺm#[
ŝ{úħeĪ	 	0&kÂz	 ı14Ŷİĺèŗ41"»Ŭ6*
4	2Ŷ#0!ņ
1¯ar#ĻūĜp³ZÿĈĉ"	Şņ3Ì
«43ŷ 
 ÜĔĝ"	ŶJIOHP#ĻūĜp³$ŶÔÜ×č!3j6ĖŶĎþÛš
Y#¯ar#ĻūĜp³"Ā¾,14ŷ8 Ù 25 Ô(ěÍÛ¼)	0& 9 Ù 25
Ô(ųþÛ)."ŶJIOHP$ŶÔÜ×"ï(ĹTŲÌĘ	2ŶĻūĜS
#¯"ŨY3!Ŷ´¶¯"p³(ğ 3-1-3-1 ŃŶğ 3-1-3-2 ŃŶğ
3-1-3-1Ŷğ 3-1-3-3ŃŶğ 3-1-3-4ŃŶğ 3-1-3-2)ŷŴċ1(1989)$ŶĻūĜp³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S#¯"ŨY"gcİèŗ"ĻūĜª·bgcİèŗ	 3
3ŷäÿckÄ6ł"0ðY#[ŝ{úħöŏ4Ŷŝħ
eĪ43-Ŷİĺm#ð#[ŝ{úħù·÷®āÂ!3ŷ#0!ą
Ŏ$ŶkÄ6łĻ#ŃūĈŶĻūČ¯0%43ŷkÄ"	Ŷ[ŝ{
úħ#eĪ$Şņ2ŶĻūČ¯!3ŶkÄĈĉ#bV"Į3
43ŷ#-ŶkÄĈĉ"	ŶĻūČ¯6ĿĬÈ3Şņ
3ŷůŖ!3) ŶĻūČ¯Ŀ!34	2ŶĻūČ¯6Ŀ
ĬÈ3-"$ŶĻūČ¯Ŕ#ð#½ć¿ņ3ı143(ē1 
1970,ēQ¨° 1970, ŀQē 1982)ŷĻūĜ#x"`ŶkÄ"03[ŝ{
úħ#şxŶgcİm#[ŝ{úħù·$÷®3ŶĻūĜª·bg
cİèŗ$ŶgcİmŜ
1ðY'#ñĽðÇÎ/Ŷð
1gcİmŜ
'#[ŝ{úħ#eĪł54/Ŷgcİm¯#[ŝ{úħù·#bV6ţ
Ĵ33(Ŵċ1 1989,ìċ1 1983)ŷ#-ŶĎþÛšY#JIO
HP$ŶÔÜ×"ï(ĻūĜª·bŶgcİmŜ#[ŝ{úħù·bV"
İĺ6È3Ì«43ŷĲÓĊ"02ŶĻūĜx3."ŶĹT
x3ŶĻūĜ´¶¯"p³3"Į2ŶĻūĜª·x"
!2Ŷ[ŝ{úħù·÷®3!ðę·#[ŝ{úħù·6ĬÈ3
Ĵı14ŷ  
kÂzÀĚ"*»ŬŶÔ~\ũ#ÀĚ3ªŦ 23 
"	ŶoěÛ^¼#ZÿĈĉşŶ#"kÂz»Ŭ
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3(ÐŁ1 1990)/ŶÀ6È]#Ě"	.ĎþÛšY#kÂzZ
ÿĈĉ"»Ŭ6*(¤1 1990a, ¹Ŝ1 1998, ť1 1997)! 4
3ŷ8 Ù 25 Ô#JIOHP$ŶÔÜ×"ï(ŶĒ¬kº· 40%^V#¯#ĻūĜv
­Ŷ¬"Ē¬kº· 80%^U#¯#ĻūĜv!	2 (ğ
3-1-3-2 )Ŷã2#ksĊyăŲÌ«4ŷSÒŶ9 Ù 25 Ô"	Ŷ
{Ĳ|	0&ÃłĲ|$ŶĒ¬kº· 40%^V#¯#ĻūĜvJIOHP"
ï(ÔÜ×­ŶV¯#Ē¬kº·$JIOHP"ï(ÔÜ×Ųj,14
ŷ
Ŷ#j$Ŷ{Ĳ|	0&ÃłĲ|#ÔÜ×#ĻÏ	0&ĻūĜ
bV-2ŶZÿĈĉ#x"$ĩ&
!
ŷXĚ."ş
Ĳ|$Ŷ{Ĳ|	0&ÃłĲ|"ï(ĻūĜ$
ŶĒ¬kº· 40%
^V#¯#ĻūĜvŶksĊyăbV3ı14ŷ
Ŷ
şĲ|#JIOHP$Ŷ8Ù 25Ô	0& 9Ù 25Ô."ÔÜ×ï(3Ē¬kº
· 40%^V#¯#ĻūĜv­Ŷ¬"Ē¬kº· 80%^U#¯#ĻūĜ
vŶ41#¯#ĻőlĞħù·.Ų
- (ğ 3-1-3-2Ŷğ 3-1-3-3
)ŶÔÜ×"ï(ã2#ksĊyăŲ
Ì«43ŷJIOHP	0&
ÔÜ×#ěĻő#aįŢf"$ŶÜ§ű$ 20 cm#q22
-ŶŌĨ!aįŢf6Ê3$Ū
ŷÐŁ1(1990)$Ŷě"03Śkę·
Ě"0č!363ŶJIOHP$ÔÜ×"ï(ěÏ®!

-ŶJIOHP#ě"03ńŇę·$­
Ì«4ŶĀ"ÔÜ×#ěÏ
#xŮļşĲ|$#²
ı143ŷ+ŶJIO
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HP$ÔÜ×"ï(ĹTŲ(ğ 3-1-3-1 ŃŶğ 3-1-3-2 Ń)Ŷ¯ar#ĻūĜp³v
"S#¯"p³3v­Ŷ´ ¶¯"Ġ"p³3j,14 
(ğ 3-1-3-1 Ŷğ 3-1-3-2 )ŶV¯'#k#ŕřÔÜ×"ï(ĵ¡Ì«
4Ŷ#şĲ|#XĚ#kÂz#²č"Įı14ŷñ
258 ! #ÀĚ"	Ŷoě¼"	.lĞħÚăŲĬÈ4
3UaĻZÿĈĉ6ł	2(¹Ŝ 1990)Ŷ+ŶĒ¬ý·#Ųİĺèŗ"
ĻūĜ2#ĻőlĞħş#Ļőp³3ĂĤŞx3(Š1
2006)43ŷÜŋű"	ŶJIOHP#U¯#Ļ#lĞħù·$ÔÜ
×02ŲĬÈ4	2ŶĀ"şĲ|#JIOHP$Ųi(ğ 3-1-3-3
)ŷ1"ŶĒ¬kº· 80%^U#¯#ŶĻūĜp³v/Ļő#lĞħş	0
&lĞħşp³v$ŶJIOHP(ğ 3-1-3-4 ŃŶğ 3-1-3-2 Ŷğ 3-1-3-4
Ŷğ 3-1-3-5 )ŶZÿĈĉ/ĂĤŞ#x"Ús!İĺèŗ3ı14ŷ+
ŶJIOHP$¯ar#ĻőlĞħù·#Ø.Ų¯b¯#ĻőlĞħù·#²
ÔÜ×"ï(­(ğ 3-1-3-3 )ŶU¯V¯#kÄĴ#²­ı14
ŷ0ŶV¯#Ļ".ÔÜ×"ï(ZÿĈĉĴŲ
Ì«4ŷS
ÒŶVaĻ$ZÿĈĉ'#©W$®!ŶVaĻ"	3{ĉÿ	0&Űp#
ĜçĐ!ĥ'#Œõĥş#x"$¿ņ3(¹Ŝ1 1998)3ŷş
Ĳ|#JIOHP$Ŷ´ ¶¯"ĻūĜp³3j2ŶV¯#ĻőlĞħù·
$ŲĬÈ4ŶV¯#ĻőlĞħş#p³v$ÔÜ×ę·2
(ğ 3-1-3-5 )ŶV¯"lĞħřu"ľĜ!ı14ŷ+ŶÔÜ×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$¶Ģh_,14ŶJIOHP$ÔÜ×"ï(5
!h_2Ŷ#
.şĲ|#kÂz	0&ZÿĈĉĴ#²č"»Ŭı14ŷ 
 ^U02ŶJIOHP$ŶĎþÛšY.ĻūĜ	0&Ļő#lĞħù·6ŲĬÈ
	2ŶĲ#şÓĊ"02#i.!ŷ1"ŶJIOHP$ĻūĜ
	0&ĻőĞħş#p³vŶĒ¬kº·#ŲU¯Ų!	2ŶksĊy
ă#Ųèŗŷ+ŶJIOHP$ĹTŲŶĻūĜªŨ"èŗ
"02Ŷİĺm#[ŝ{úħeĪł54/ŶV¯'#k#ŕřĵ¡
"!3ı14ŷJIOHP$Ŷ#0!ÀŐ6Èİĺèŗ3"02Ŷ
Ĳ#şÓĊ"02ĻūĜx.Ŷřĭķ"!1ŶĻūĜ
2#ZÿĈĉyăbV"!Ì«4ŷ#-ŶJIOHP$Ŷ
Ĳ#şÓĊ"¬Ús!İĺèŗ33ŷ 
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ø 2 ú Ĭċ´æ	?>A=BoĬ*!ĵ²¥bn$ı  
 
ĵ²ûäå ĽĪĬ<D7oĬĽĵ²2:@3DĬ*-o
Ĭ(ĪĘ	 -ľ?>A=B ĽĶbxo(Ġ	 -'ĽĬċ´æ*,Ī
Ĭ<D7oĬ	g-(2:@3DäåĬ(g-	¼
.-ľ½ú ĽĬċ´æ	?>A=BoĬ*!ĵ²¥bn$ı
Äěľ 
 
¾²³Ð 
oõµ(2009 10º 24µ*! 2010 10º 25µ)sj	 ,Ħą 10Â0Ý
XÜ 3 ¦Ĩ!ĽĚ 30 ÂFĩ^W0į+c,p,Ľ/+ĪĽó°Ľ
ü°üĪ0ÕĽÍĪ 1.06 ÎĨ0ĕĽëÞÌt0ùaľ+Ľ
2010 þüĽþ8B;4ġĽþĎČĽþĈĆ*!þÚb0ĵ²bÀÐ(ĵ
²bÀÖîöS 2010)ÕľQğ2:@3D ĽbÀ¥bĂ¥[µ½
ÈÖĜ²bÀė(ĥÅCĴzåÅ§ĖćtîöÉÆ 2010)ĺüûÓiâ0K
ùaľ 
 
ăÁ 
ø 3-2-1 ėĽ2009 *! 2010 ?>A=B*!µ½·üoĬÆ¥Ęā0
ïľ 
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 2009ó°Ľþü°*!þüĪ ´æ`ãĭ»£		 ,ĽĬċj

ĽÊ¤ĕċjĽiċjĲ	 ľE³ĽEóü°ĽþükýĪ*!
ëÞÌt ´æ`ãĭ»£ &+.ľ%Ľó°*!ëÞÌt µ½
·ĽEóü°Ľþü°*!þüĪ ?>A=B..
ľ  
2010 ó°Ľþü°*!þüĪ Ľ2009 uÇĬċj¹(
Ľ
Ê¤ĕċjĽiċjĲ	 ľ%Ľó°*!ëÞÌt µ½·ĽEó
ü°*!þükýĪ ?>A=B..
ľ¤ĕċj*!Ĭċ
jþüĪ Ľµ½·Í#?>A=B
Ľ?>A=B iċjÍ#¤ĕ
ċj 2Z[	 	Ľµ½·iċj¤ĕċj ?>A=BÍ#
ľ 
ø 3-2-2 ė 2010 þüEđĵ²¥b0ïľþ8B;4ġĽþĎČ*!
þÚbw»â Ľ´ ċ`ãĭ»£		 ,ĽIzò(þ8B;4ġw»â 
ĬċjĹĽþĎČ*!þÚbw»â ĬċjVľ%Ľ?>A
=BþĈĆw»â Ľ?>A=B iċjÍ#¤ĕċj*!ĬċjV
ľ?>A=B Ľµ½·Í#þ8B;4ġĽþĎČ*!þÚbw»â	V
ĽþĈĆw»â	Ĺľr×¡Ý÷āßw»â Ľ»£	ľQğ2:
@3D ĽlUĪĬ	 ,ĺdærč2:@3DĬĽbÀ¥bĂ¥[µ
½ÈÖĜ²bÀė(ĥÅCĴzåÅ§ĖćtîöÉÆ 2010)ĺüÓiâ+ùa
ľĺüÓiâ Ľþ8B;4ġ 71%ĽþĎČ 50%ĽþĎČ 0%Ľr×¡Ý
÷āß 91%-ľùa ĽQğ2:@3D(Mcal/kg)=(4.13×þ8B;4ġ
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×71/100+9.39×þĎČ×50/100+3.82×þĈĆ×0/100+4.08×r×¡Ý÷āß×91/100)/100 
	 ,ĽQğ2:@3D ^juñ	 ľQğ2:@3DþüĪ+lUİô
	 ,Qğ2:@3DäåĬ0Ï'ľlUİô	 ,Qğ2:@3DäåĬ Ľ
Izò(Ĭċj¹(
ĽÊ¤ĕċjĽiċj¹(ľ
uE´æjĭÍĤ-iċj µ½·
Ľ¤ĕċj*!Ĭċj
 ?>A=B
ľ?>A=BĬċj¹(
Ľ2645Gcal/10a 	 
ľ 
 
Ċ  
½îö oõĺ"Ąķ.*,ªa.-ĺÿċdæ0¢
-ľoõdæÐĺ"ü%%Ąķ	rč	 ,Ľü
Ąķ g*!Ğ±XÅģÔĉ	-ľ'Ľ½Ĝĸ þüoĬ*
!ĵ²¥b0oĬÏ'ľ?>A=BüoĬ Ľµ½·*,
ĽI(
Ĭċj¹(
ĽüoĬ0lUİô	 ,­ù-Ĭċj?>A
=B Ľ2009  1085kg/10aĽ2010  1003kg/10a 	 (ø 3-2-1 ė)ľ?>A=B
Ĭċj ĽQğ2:@3D	Pj»£	ĽþüoĬ	¹(

+ĽlUİô	 ,Qğ2:@3DäåĬ(¹(
 2645 Gcal/10 a 
,ĽĺÿċĬ´æ*,oĬg0~-	rč	 ľ 
2010 Ľµ½·þü° ĽPjÍ#ĬċjĀ 2 Z	 	Ľ
ëÞÌt iċj*!¤ĕċjÍ#ĬċjVľE³Ľ2010 
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?>A=Bþü°(iċjÍ#¤ĕċj*!Ĭċj
ĽiċjÍ
#ĬċjĀ 2 Z	 (ø 3-2-1 ė)	ĽëÞÌtÔñ Ľµ½·Í#
(ø 3-2-1 ė)ľµ½· ?>A=BÍ#ĽëÞ¼ReMßäå	üoĬ
n$ı	
ĽĬċj Eóü° 
g	Ľ.
ëÞ¼ĭJMßäåč	V'ĽëÞÌtVGĉ	«.ľE³
?>A=B ĽëÞ¼ĭJ(Mßäåč	ĹĆ©.'ĽEóü°g
ëÞÌtVG	«.ĽĺÿċĬ´æ*-oĬ
gĘ}	 -Ċ+.-ľĽ?>A=B ĽëÞ¼ĭJMßäåĬ	

(Ľµ½·Í#6B4Ĭ(
'Ľ?>A=BëÞÌt µ½·Í#
V«.ľ'ĽëÞ¼ĭJMßäåč0+Ĺ'-Ľ
oĬ0g-	rč	 -Ċ+.ľ 
%Ľ2010 Â	 ,þüĪ Ľ?>A=B iċjÍ#¤ĕċj 2 Z
	 	Ľµ½· ?>A=BÍ#iċj¤ĕċj	Ľzòĭ
é-\v	&+.(ø 3-2-1 ė)ľĘ}Ľ?>A=Bó°)þü° Ľ
µ½·Í#iċj¤ĕċj	
(ø 3-2-1 ė)	Ċ+.-ľ?
>A=B ĽëÞ¼ĭJóMßĪgft	^juñ	 ,Ľó°)þü°
gäåhâ	VG-Ľ%%þüĪgĉ	-Ċ+
.ľ'Ľ?>A=Biċj Ľ2010  2009 Í#Ľē°*!þ
ü°		ĽþüĪÔĉ	,Ľiċj¤ĕċj	ä«
.Ľ?>A=BoĬg ĽëÞ¼ĭJMßäåčĆ©(ó°*!
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þü°g	 Ę	 -Ċ+.ľ 
ĺþüÓiâ(ĥÅCĴzåÅ§ĖćtîöÉÆ 2010) Ľþ8B;4ġĽþĎ
Č*!r×¡Ý÷āß
ĽþĈĆ 0%	 -ľÓiâ Ľ%%2:@3
Ddæâ,ĽÓiâ 0%	 -þĈĆ2:@3Ddæâ 0%	 -ľ
'ĽþĈĆ	Ľ.R¥b	g-Qğ2:@3Dgĉ	-ľ
½îö?>A=B Ľµ½·Í#þĈĆ	ĽþĎČ	(ø 3-2-2
ė)ľ%Ľ?>A=Bþ8B;4ġ ĬċjgĽþĈĆ ¤ĕċj
*!ĬċjÔ(ø 3-2-2 ė)ľs¥bwĬzòĭ*!´æjĭ
»£	&+.	Ľ	Qğ2:@3DĬÔ	- ĽQ
ğ2:@3D ^juñ	 ľĬċj?>A=BEđĵ²¥b Ľþ
8B;4ġ	 7.4ļĽþĎČ	 1.7ļĽþĈĆ	 10.3ļĽþÚb	 5.2ļĽr×¡Ý÷ā
ß	 75.4ļ	 ,ĽĺQğ2:@3D 3.10Mcal/kg	 ,Ľµ½ÈÖĵ²bÀėï
.-üûEđĵ²¥b(ĥÅCĴzåÅ§ĖćtîöÉÆ 2010)ÍĤĽþĎČ
*!þÚb	Ľr×¡Ý÷āß ĽQğ2:@3D uñ	 ľ%
Ľĺ"Ąķ0¢tĽQ¸]-91?A56µ½ÈÖĵ²bÀėï
.-ĺQğ2:@3D 3.83Mcal/kg 	 ,ĽĬċj?>A=B 
G
|ľ 
LÞ¼ĔĢ^÷āÙ*!ĔĒ[áû8B;4ġw»âËìĮ
(ĻCØç 1999))ó¬¼ĔĒáû^÷āÙËìĮ(½Cī 1994)	
y.-ľ?>A=B Ľċ´æ*,ĽëÞ¼ĭJ÷āxoĬ	ĽĔ
 71 
Ģ^÷āÙ	Ĺ«ð'Ľoõ¶ü^÷āÙ*!^÷āÙìĮ
	 -þ8B;4ġw»âgĉ	Ċ+.-ľĺħĐď_ĎČ Ľ
Ĵzg¶Ã)åmâVG)ê},ĽĺQğ2:@3D®pĬ-þ
8B;4ġ®pĬgTĽĐď_ĎČâ VG-(¿FCÑè 1997Ľíq
+ 2002).-ľ½îöĬċj?>A=B ĽþĎČ	Pj*,
ĽQğ2:@3D	Pjuñ	 ,	+Ľþ8B;4ġ 
(ø 3-2-2
ė)ľ'Ľü0ĺĄķtĽĬċjü iċj*!¤ĕċj
Í#Đď_ĎČg0¨-Ċ+.ľE³ĽþĎČw»â ĽIzò(
Ĭċj¹(VĽà?>A=B 1.7%	 ,Ľµ½ÈÖĵ²¥b-
üûþĎČw»â(ĥÅCĴzåÅ§ĖćtîöÉÆ 2010)	 - 2.5%ÍĤ(
VĽQğ2:@3Dg' Ľ¯{	 Ę	 ,OÄěĝĳľ
%ĽþĈĆw»â zòĭ		 -(ÒN+ 2009).Ľ½Ĝĸ(µ½·
Í#?>A=BĹ	Ľ?>A=B iċjÍ#¤ĕċj*!Ĭ
ċjVG,Ľċ´æ*,¯{0~-	rč	 ľĬċ´æ
	ĵ²Y[gH,Ľ*ęÛ+(Ĭċ´æ »h	 -
Ċ+.ľ  
RF*,Ľ?>A=B ĽĬċj¹(üoĬ0ïĽQğ2:@3D
(Pjuñ	 +ĽlUİô	 ,Qğ2:@3DäåĬ	¹(

[0ïľĘ}Ľ?>A=B ëÞ¼ĭJ(ĹMßäå0Ć©
,ĽċĬ´æ*,Ľó°*!þü°g0~,ĽëÞ¼ĭJMßä
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åč0ĹĆ©'Ċ+.ľ%Ľĺÿċ´æ*,÷āxoĬ	g
-Ľþ8B;4ġwĬgĉ	-ĵ²Y[g(Hľ 
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ē 3 ĕ ŝĘġ"ŉÊā"z£¹!~(´ŕ  
 
ġÊāÜz£ġÈÊāÜĎ°"ŉ5¶1+!#şz£ġÈÊāÜ
äĽşġ!.1ŉ"ĒĚÊā¸Į 1Š
şġ"ŉÊā!.1
ćį#© şġ!.1ŉ"ĒĚÊāHEMDN"ĀĢ-řÈdhş/!#ÿ
%"ĺħ 5Í/
!1¸Į1Š)şÕĉđ!	#şĒĚÊāŉ5
ó!ġÊāŉ5è¤şŝĘġ!	#şĒĚ]"à Śo)2
	0şKNň #"ÒþŜŠ"+şĒĚà!\"¾o!,ş
HEMDN"ĀĢ-řÈdh!~(´ŕ!Í/
!1¸Į1Š"+ş
Õĕ#şHEMDN5ÜĳśV"æĂş	.$ôí5ÃşŚo
"ö°5ñ¤1Śo"y»5Í/
!şġÊā	.$ôí"z
£¹!~(´ŕ!ÞĲŠ 
 
ÖÈÉê 
2009 ®" 2 Ñ 25 Ëş5 Ñ 25 Ë	.$ 9 Ñ 20 Ëş2010 ®" 1 Ñ 11 Ëş2 Ñ 25 Ëş3
Ñ 26 Ëş4 Ñ 25 Ëş5 Ñ 25 Ëş6 Ñ 29 Ëş7 Ñ 31 Ëş8 Ñ 26 Ë	.$ 10 Ñ 2 Ë!
{0 8 
¿5ùbø!Ň$şî° 0Ť10cm 	.$ 10Ť20cm " 2 ª
/2
2ę 100ml "5ÃŠÃ5¥ð|o!ŘWµş1mm ą"ė
5ŀşC/N ;P?P(MT-700 I@;oØ«ßČĭ)5ālĒĚ5şFIA ê5ā
Ċň»ĒĚ	.$6NHA6»ĒĚ522ñ¤Š/! 2010 ®" 1 Ñ 11 Ëş
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5 Ñ 25 Ëş10 Ñ 2 Ë"!#şpHşĝ»KNňş YÅ¹8K7FşYÅ
¹8L<7FşYÅ¹D:B<7F5ñ¤ŠpH # pHGP>P5āñ¤Š
ĝ»KNň#okk°êşYÅ¹8K7FşYÅ¹8L<7FşYÅ¹D:B<7F
#}¢kê!tŠ  
)ş2010®!{!	Ûō 8
¿5ùbø!Ň$şî° 15cm	.$ 50cm
!ÃæĔ5ŠÜÔōV!2/ÃæĔ	.$ĂŔæ!ÃæŠÃæ
ôí53ńµşĊň»ĒĚş6NHA6»ĒĚ! FIAêşKNň!
okk°ê22oØŠ 
 
ĜÙ 
ē 3-3-1 Ĭ!î°r"lĒĚö°"Äč5ċŠî° 0Ť10cm # 2010
®" 7 Ñ 31 Ë!	l{Ď°ş2]#ĵÚÔō5ŀŉ
ġ{Ŝh5ċŠî° 10cmŤ20cm#ş2009®" 2Ñ 25Ë#ŉġ{
ş5Ñ 25Ë#zġ{22Ŝş9Ñ 20Ë#l{Ď°0şÎÔ!.0
jă Š2010®#ş1Ñ 11Ë
/ 4Ñ 25Ë) 6Ñ 29Ë	.$ 7Ñ 31
Ë)#ŉġ{Ŝş5Ñ 25Ëş8Ñ 26Ë	.$ 10Ñ 2Ë#şl{Ď°
0ş2010®,ÎÔ!.0jă Š   
ē 3-3-2 Ĭ! 2010 ®"î°r"Ċň»ĒĚö°"Äč5ċŠî° 0Ť
10cm#ş1Ñ 11Ë
/ 3Ñ 26Ë 6Ñ 29Ë
/ 8Ñ 26Ë!	şŉġ{
Ŝ
ş4 Ñ 25 Ë	.$ 5 Ñ 25 Ë#zġ{ŉġ{"¬#¨
Š
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î° 10~20cm#ş1Ñ 11Ë
/ 3Ñ 26Ë) 6Ñ 29Ë
/ 8Ñ 26Ë!	
ŉġ{Ð,ŜşQÉş4Ñ 25Ë#l{Ď°0ş5Ñ 25Ë	.$
10 Ñ 2 Ë#zġ{ŉġ{Ď°0ş¼īġ{`şÎÔ!.0ă 
1j*/2Š 
ē 3-3-3 Ĭ! 2010 ®"î°r"6NHA6»ĒĚö°"Äč5ċŠî
° 0Ť10cm#ş1Ñ 11Ë
/ 4Ñ 25Ë) 6Ñ 29Ë	.$ 7Ñ 31Ë!	ş
zġ{Ð,Ŝ
Š2]"ÎÔ#ş5 Ñ 25 Ë#¼īġ{Ŝş8 Ñ 26
Ë	.$ 10 Ñ 2 Ë#l{Ď°Šî° 10Ť20cm !#lÔō5
ŀzġ{\"{!ä&Ď°]RŠ  
ē 3-3-4Ĭ! 2010®" 1Ñ 11Ë(ġÊāu)ş5Ñ 25Ë(čÝĆµ)ş10Ñ 2Ë(Şú
Ô)"î°r"Śoö°5ċŠpH#şÎÔşî°54şŉġ{
Ŝşzġ{Ð,`
Š)şpH#Uî°,! 1Ñ 11ËŜş"µï
©ş10 Ñ 2 ËÐ,` Šĝ»KNň#şUî°,!ĳś{ōŗĨ 
¬*/2ŉġ{Ŝşã¼īġ{0şzġ{Ð,`
Šl{
 1 Ñ 11 Ëş5 Ñ 25 Ë!ä& 10 Ñ 2 ËŜ
ŠYÅ¹8K7F#ÎÔşî°5
4şŉġ{Ð,Ŝşzġ{Ð,`
Šl{!	 1 Ñ 11 ËŜ
ş"µï©1j*/2ŠYÅ¹8L<7F,ŉġ{Ð,ŜÄč
Šl{!	ş1 Ñ 11 Ë!ä& 5 Ñ 25 Ë#wş10 Ñ 2 Ë# 0Ť10cm "
zġ{5Őï©ŠYÅ¹D:B<7F#ş1 Ñ 11 Ë!	hŜ 1
j*/2ş"µl{h#` 0şlÔō5ŀ{ō!ŗĨ ¬#*/2 
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Š 
ē 3-3-5 Ĭ!ĂŔæ	.$ôí"Ċň»ĒĚö°"Äč5ċŠĂŔæ#ş7
Ñ 11 Ë	.$ 7 Ñ 25 Ë!	l{h`¬#4
ş2]#
zġ{`şŉġ{Ŝj*/2Šî° 15cm "ôí#şĵ
ÚÔō5ŀh#` 6 Ñ 4 Ë
/ 7 Ñ 25 Ë)#l{Ď°0ş8 Ñ 8
Ë#¼īġ{ş8 Ñ 22 Ë	.$ 9 Ñ 5 Ë#ŉġ{Ŝ
Šî°
50cm "ôí#ş6 Ñ 4 Ë#zġ{ş6 Ñ 27 Ë	.$ 8 Ñ 8 Ë#¼īġ{
ş9 Ñ 5 Ë#ŉġ{22Ŝş2]#l{Ď°Š)
şî°r!*1ĂŔæŜh5ċj*/2şî°!À4/l{ÎÔ!
.0h#zş7 Ñ 11 Ë	.$ 7 Ñ 25 Ë#`
Š 
ē 3-3-6 Ĭ!ĂŔæ	.$ôí"6NHA6»ĒĚö°"Äč5ċŠĂŔæ
#ş6 Ñ 4 Ë	.$ 6 Ñ 27 Ë#zġ{ş7 Ñ 11 Ë	.$ 9 Ñ 5 Ë#¼īġ{ş
8 Ñ 8 Ë#ŉġ{22ŜşÎÔ!.0ă 1j*/2ŠŠî°
15cm "ôí#ş6 Ñ 4 Ëş6 Ñ 27 Ë#ŉġ{Ŝş7 Ñ 11 Ëş7 Ñ 25 Ë
	.$ 9 Ñ 5 Ë#l{Ď°ş8 Ñ 8 Ë	.$ 8 Ñ 22 Ë#¼īġ{Ŝş
ÎÔ!.0ă 1j*/2Šî° 50cm "ôí,î° 15cm à
!ÎÔ!.0ă 1j*/2Š  
 ē 3-3-7 Ĭ!ĂŔæ"KNňö°"Äč5ċŠQĻŉġ{Ŝh5ċ
Š¼īġ{	.$ŉġ{!	 8 Ñ 8 Ë#2)"ĵÚ.0hw
Š 
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Ġ¦ 
V"lĒĚö°#ş®ã5ŀzġ{	.$¼īġ{!ä&ŉġ{Ŝ
j*/2(ē 3-3-1 Ĭ)Š.şŉ"ġÊā!.0şV!ĒĚ"őĐ
/2Š2009 ® 2 Ñ 25 Ë"Î÷ŉġ{"lĒĚö°#ş\"{!ä&
Ŝ

/ş"j#ş© ,Ł®Êā 3 ®ą"ġÊāu"Î÷#Ā
Ä¦21Š)şčÝu(2009 ® 5 Ñ 25 Ëş2010 ® 5 Ñ 25 Ë)"ĵÚ!
	ş0Ť10cm #şzġ{¼īġ{Ď°]R0ş10Ť20cm #şz
ġ{ŉġ{Ď°"h5ċ	0ş\"ÎÔjă Š2#
z£ġÈÊā!.0zġ{"lĒĚö°w+Ġ/2Š)şġÊā
u(2009 ® 2 Ñ 25 Ëş2009 ® 1 Ñ 11 Ë)!şl{ 2009 ®!ä& 2010 ®
w	0şl{ĒĚ"ĩĐ/2Ä¦2Š  
 V"6NHA6»ĒĚö°#şġÊā5īU{äĽzġ{
j*/2(ē 3-3-3 Ĭ)ŠġÊāµ"!	ş2 łō'6NHA6»
ĒĚĊň»ĒĚ!41(} 2010)21Š"+şġÊā5ī
U{#6NHA6»ĒĚĊň»ĒĚ!z+ş6NHA6»ĒĚ#ö°"
w!#ğ/ 
Ä¦2Š)şġÊā5īU{#şmÔ"ŒĦĄĀ
ŉw1jİ¦2Š"+şŒĦ!.1Śoŉ,ĳś{!.0¬ă
ĀĠ/21Šæď!	ĒĚŉ"!_şV"ùâ»ĒĚ
ŉ#ï©1(sķ/ 2012),0şŒĦ "Ýûa"ĒĚŉ
 80 
"6NHA6»ĒĚ "ùâ»ĒĚö°!´ŕ5~(Ä¦21Š
şÕ
ĳś!	şĴě ŒĦĄĀŉ	.$ĒĚŉ!ĵÚ5ī	/ş[µ
"ÞĲ¸Į1Š  
 RĿ"ŀ0şġÊāµ"!	ş2 łō'6NHA6»ĒĚĊň»Ē
Ě!41
/şġÊā5īU{#"Ċň»ĒĚö°w1Ġ
/21şġÊāu1 1 Ñ"ĵÚäĽ 2 Ñ	.$ 3 Ñ"ĵÚ#ġ
Êā"Òù!À4/şl{"Ċň»ĒĚö°ï©1j*/2Š
V"Ċň»ĒĚ#şŎœ-òæ!.0æ!ônşĤĒ !.0 12 łō'ì
 1(} 2000şé/ 2009)21ŠÕĳś!	şĵÚ5ī 2010 ®" 2
4 Ñ"Ŏœŉ#­®h" 1.52 gĎ°0şŎœŉ
(ē 2 Ĭ)(åĸ¯)Š
/!ş"ÔōV"ĈÔō"őVĹœ!.0şQÎæĂòæý»! Š
"+şV"Ċň»ĒĚ#şôí!ônş"))ĤĒĠ/21Š
ġÊā!.1ùâ»ĒĚ"w5R1ŉ"ĤĒ!.0şV"Ċň»ĒĚö°#
`SÄ¦2şġÊā!.0V!ùâ»ĒĚĩĐ21# 
Š  
 æďÜÔōV,à!Ċň»ĒĚ#ì 12, V"Ċň»ĒĚ#æď
"ĀĢ!´ŕ5T (é/ 2009, Ă/ 1985)21ŠÕĳś!
	,ôíV"hl{`Äč	0şġÊā!.1¬#4

şæď"ĒĚŉ-ŉ#ġÊā5īU{

/V"
Ċň»ĒĚö°#ŉ!´ŕ5~(# Ġ/2Š 
 QÉşV"6NHA6»ĒĚ#şzġ{äĽŉġ{© şġ
 81 
Êā!.0V"6NHA6»ĒĚw1# 
Š/!şV"6
NHA6»ĒĚö°`!,À4/şġ"Êāŉ"w!_şHEMDN	.
$ËÕÏ"ĒĚŉ#ŠġÊā!.0ĀĢqÔ"ôíV"6NH
A6»ĒĚö°wş"µş'( 0 0ş2]Ŏ#ġ
/cĝ26N
HA6»ĒĚ#!æď!21(} 2010)Š)şæď"ĒĚ
ŉ"!_şV"ùâ»ĒĚŉ#ï©1(sķ/ 2012)1Š2
/"
/şġÊā!.1V"ùâ»ĒĚö°"w*/2 ,şĒĚ
cĝŉ#wÄ¦2şġÊā!.1æď"ĒĚŉ"w!ğ
Ġ/21Š/!şġ#ÊāµÇ®!40æď!21(Nishida/ 1999)
",0şġ"Ł®Êā!.0Òâ»ĒĚĩĐÒâ»ĒĚ"oı
ŉwşæď%"ĒĚcĝŉ"w!ğ1Ġ/21Š)şSæ"æļ
çõ!e1ÿó!	 (1997)#şÿÕêēšŢ×ēšŖ!.1Sæ"
æļçõ!e1ÿR"×^!Z"i±5fĶ1RĞÁ1Ó)
ó5¤+	0şĊň»ĒĚ!ş10mg/L 5ó1ŠÕĳś#şĂ
Ŕæ	.$ôí"Ċň»ĒĚö°#ş6NHA6»ĒĚö°!ä&şl{h¨
şĵÚÔō5ŀşóh5S	0(ē 3-3-5 Ĭ)şÊā{ō"¬,4

0şÿó
/*,ġÊā!.1´ŕ,¨,"Ġ/2Š 
 ]R
/şġÊā!.1æď%"ĒĚcĝ"w#ŉ"w!ğ	0şŁ
®Êā5ī|o ĒĚcĝģ0ş)ÜÔōV!ÿó5R1
ôĤ,*/2 
şQÉġÊā
/æďÜŌ¡)"ÔōQ¤ŉ"ĒĚ
 82 
ŚoôĤ1Ġ/2ş!ùâ»ĒĚĩĐ21, +şġ
ÊāÎÔ!#ÞĲ¸Į1Ġ/2Š 
pH #ş¼īġ{	.$ŉġ{zġ{!ä&Ŝ
(ē 3-3-4 Ĭ)Š)ş
l{ġÊāu(1 Ñ 11 Ë)!ä&ş"µï©ŠuĂO­X(2002)#şġ
Ł®ÊāæĂ!	şpH RÌ12şÕĳś,à"j*/2Šæ
ď"ĀĢ!ņp pH #ş5.0~6.5 "²ň¹0ş6L8K#şDN9N-ŋ 
"·ŉ¾o2! 11(Ī} 2010)ŠġÊā!.0 pH R
Ì1+ş` pH !#ÆĥxÙ 1şŜ pH #æďĀĢ%
"´ŕ!ëº¸Į1Š 
ĝ»KNň#şæďčÝu(5 Ñ 25 Ë)"î° 0~10cm !	şzġ{#
1.2mg/10a "!§şŉġ{# 25.9mg/100g 0şġÊā!.0
ŗĨ!(ē 3-3-4 Ĭ)Š¤+vŃÕÂŊċ1æĂ
!	1Æąá(1984)#ş6Ť29mg/100g 0ş30mg/100g ]R#KNňùÊāæ
ó11Šĝ»KNň#şġÊā!.0!ĩĐşġŁ®Êā 4
®ą"Î÷"ąáó!Ņ	0şġ"*"ÊāKNň"cĝģ
ŠQÉş¼īġ{# 6.2mg/100g 0ş¤+vŃÕÂŊċ
1æĂ!	1Æąá"Sŏ1 6mg/100g 5Ņ¾1ş¼īġ
{"ĝ»KNň"wŉ#şŉġ{!ä&¨
Š"+şġÊā"
*ąáó!Ņ1KNň"cĝ5Ņ¾1şŁ®Êā!.1KNň"ĩĐ5Ġ
½şġ"Êāŉ5 1.8t/10a(¼īġ{Êāŉ)Ť3.6t/10a(ŉġ{Êāŉ)"Ė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Š 4 ş ŮŴÏ  
 ǕŨ´ŵ#¾ƹāń5ƊǘPNUMV/%ĂČą#ē±ƖǓ5Ɗūđǘ^ §
ŗ-!Ŧƹ$¾ƹ´ŵĆ-¿
ǘ´ ŵ#¾ƹāń!/1ƹ¹5¬2
	Ÿ	 ǙPNUMV#ŧŦƹ$ǘāŵ~ŀƽĈëØ		 1ǘ^Û-!¾
ƹ´ŵĆ-¿
ǘĂČą/1¿
Ǚ*ǘPNUMV#¾ƹ´ŵ$Y
ƴuj	+03ǘ´ ŵ#3g[#āń$uj#¹!/2ı#Ÿé	Ŵ03
	ǘĂČą!ģ'ǘ#ŖÞ$Ñǘƹ&#ãǊ-4	 Ǚ30#
0ǘPNUMV#ƹ$ǕŨ´ŵ#¾ƹāń!/1¹	ŸŴ03Ǚ
0!ǘŜÄÉ#ńĩǘǕ&#Ŧ#**#Ŭǒ	Ÿ	 1ǘŦ#Ŭ
ǒ$×ǘƙýoĘ.?CF#ơı!Ű	2Ŵ032ǙǘČƖǓ$Ŝ
ÄÉ#Ǖ&#Ŭǒ3!/1õ32ǕŨ#´ŵń5êÈǘŧŦ#ǐÿð
5ĥ,Ǚ#ūđǘ¾ƹ´ŵ$ǘfƛ:HS<X	eĈëØ	 ǘŧŦ
ƹ	Ć-¿
0ǘlǈś	 1#fƛ:HS<XłŃƹ-Ć-¿

2645Gcal/10a  Ǚg[#/!ǘǕŨ´ŵ#¾ƹāń5Ɗƹ/%
lǈś	 1#fƛ:HS<XłŃƹ	¹Ǚ#ƍª!ǘPNUM
V#ŌĺĊƽ_#Şũ¤/%bļłŃ #¾ƍª5_æŴÏǘg\!
œǙ 
 ƾď#ǐÿŘ#āŵ²ĳ 5Ŵ!ĦÈŵ#āŵðƹ ({Şũ 
8.0kg/10aǘRVƶ 10.8kg/10aǘ;R 9.6kg/10a)ģƢǘ¾ƹ´ŵ#āŵðƹ({
Şũ 77.6kg/10aǘRVƶ 302.4kg/10aǘ;R 194.4kg/10a)$ǘǍƇ!¾ǘ®ºÆé
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!)ãǊ-¿
Ŵ032Ǚ#,ǘ*ǘǕŨ´ŵāń	®ºÆé!
)ãǊ5œǘ30	PNUMV#łŷ!)ãǊ!*,Ǚ  
 ®º{ŞũĶÞ$ǘÛğ5ƨŵ/%íƊ´ŵ!ģ'¾ƹ´ŵ¿

w¢	+03Ǚ/ǘ´ŵ#¾ƹāń!/1ǘÛğ5ƨ®ºŞũ#Ǆś	¬0
3Ŵ03ǘ#w¢$ǘÒ -´ŵƫÛāń 3 ÛŎ#Ąķ$ł
öÏ32ǙŔĖ(2009 Û 5 ć 25 Ăǘ2010 Û 5 ć 25 Ă)#®ºįÞ 10ǚ20cm #
®º_#{ŞũĶÞ$ǘŵe#ģ'¡ŖÞg[#v5œ1ǘe#ĄĊ
w¢	ŉ 1ǘÆŵÿāń#ãǊŴ03Ǚ®º_#7VPG7ìŞũ
$ǘ4 ć 25 Ăǚ7 ć 31 Ă$ŵ¿
ǘ8 ć 26 Ăgƿ-{¡ŖÞ	 1ǘ
´ŵāń!/2¹$Ə03ǘ{Şũ$ŉ 2w¢	+03ǙYĀǘPNUM
V#Şũ¤ƹ$ǘ´ ŵāń5Ɗ^ŵ!ģ'¾ǘ®ºĴĮ_#ĸĞìŞ
ũĶÞŉ 2w¢	+03Ǚ´ ŵāń!/1®ºĴĮ_#7VPG7ìŞũĶÞ#
¹$YÈĊƽäǘ() 0  1ǘ3gƿ$´ŵ0pŬ37VPG7ìŞũ$
!ĤŘ!¤32( 2010).ǘĤŘ#Şũ¤ƹ#¹¿!
kǘ®º_#ĸĞìŞũ£ƹ$ıÒ2(Ɯ0 2012)	µ¥32Ǚ30#
0ǘĤŘ	YÈg[łŷ2ĤŘ#Şũ¤ƹŽn	¹ǘ®º_0
pŬ3ĸĞìŞũ5ĤŘ!!¤Ŵ03ǘ´ ŵāń!/2®º_
#ĸĞìŞũĶÞ#¹	+03 -ǘŐƽō ŞũpŬƹ$¹öÏ
3ǘ´ŵāń!/2ĤŘ#Şũ¤ƹ#¹	Ÿ	 Ŵ032Ǚ0!ǘ
´ŵ$āńäüÛ!41ĤŘ!¤32(Nishida0 2008)#µ¥-	 1ǘ´ ŵ#
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ƫÛāń!/1ĈĞìŞũ	ƈśĤŘłŷĊƽ_#ĈĞìŞũ#ƒƹ	
¹ǘĤŘ&#ŞũpŬƹ5¹2	Ÿ	 2öÏ32Ǚ*ǘČŒ
ŝ$´ŵāń5}Ċ!Ɗǘ´ŵāń0ĤŘ#ē±*Ûğ!/1 2ǚ4 ć#Ċ
ƽ		 Ǚ}Ċ#´ŵāń$ǘåĎ#Ǐńť#Ţŀ#oĘ#û5Ŏō
2ǙĤŅčh#ǕŨ´ŵ#ŞũĸĞĿ$ǘ}Ċ!ģ'¼Ċ#Ā	¿
3
2(_Ɯ0 2002)ǙČŒŝ!-ǘPNUMV#Ōĺ	Ɗ43¼Ċgƿ!ǘ´ŵ
āń5Ɗ^PNUMV#Şũ¤ƹ$¹1ǘ ĸĞìŞũ5pŬ

Ŵ032Ǚ#,ǘǏńť#oĘû#,!}Ċ!´ŵāń5Ɗ
-ǘPNUMV#łŷ! Ǒ5pŬ2	Ÿ	 	ǘYĀ´ŵāń
0ĤŘē±ƼÃ*#ĊƽYÈƹ#ŞũǑ	Ĵźǘ®º!ĸĞìŞũ	ƈś
3$ Ŵ03Ǚ#,ǘŁ¸ƝƄ#Ƒķ0$´ŵāńĄĊ!#
ėƓ	çƍ	 2Ŵ03Ǚ 
 *ǘāńƹ!Ð2ĤŘ#¤ƹĿ	ǘČƖǓ#´ŵāńƹ#Ť«$āńƹ#
¹!/1m\2$ Ǚ#,ǘČƖǓ#´ŵāńƹ#Ť«$ǘ´ŵ
āńƹ#¹!kǘǑ¤ƹ#¹5¬2	Ÿ	 1ǘ¾ƹ´ŵ!
-ǘłŷǃÊ $ł Ǚǘ´ŵ#āń5Ɗ^!ǘ´ŵ!
/2āńŞũƹģƢPNUMV#¯[ƴ{n#Şũƹ$mǘĢÅŞũ#Ĭ
.®º_&#ƈś 	ïè32ǙĤŅ&#Şũ#pŬ$ǘÆŵÿ/%´ŵ#
āń#eǘÀĹpŬ		 2ǙÀĹpŬ$ǘ6	Ĥ/%ǇĤ0#ŞũpŬ!/
2-#	 2(Kuma 2004)ǙČƖǓ5ƊĕħĤŅ!26	Ĥ/%ƿǇ 
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#ÀĹņĎ#ŞũpŬƹ$ǘÛğ!/2»$ÑǘĤŘ#ðĺĊ*#Ůƹ 9
ǚ10kg/10a Əś-032([¯ 2011)Ǚ#/!ƿǇ/%6	Ĥ0#Ş
ũ#Ĭz-	 1ǘÉǂ#ŞũĢÅƹ$0!¿
öÏ32Ǚ30#0ǘ
ŞũpŬ#Ƒķ0Ŵ2ǘāńÛğ5Ʒ"2āń5ıÒ	ç
ƍ	 2öÏ3Ǚ 
 ŬìRVƶ$ǘĤŘŔĖ(5 ć 25 Ă)#®ºįÞ 0~10cm !ǘŵ$
1.2mg/10a 	 #!Ðǘ¾ƹ´ŵ$ 25.9mg/100g 	 1ǘ´ŵāń!/1
ǍƇ!¹¿ǙRVƶ$Yžō!Ň¯!ģ'ǘĤŅŁ¸Ŭé	/3
2(iƉ 1993)Ǚ*ǘŘn#RVƶ¤$āńRVƶ/1-®º0#pŬ
!/2	¿
(iƉ 1993)Ǚ#,ǘ®º!ƈśRVƶ5ń2	
Ÿ	 2Ǚ­	È,¯¹ƭ²Čóƺœ2ĤŅ®º!2ú©ŎĜ
(1984)$ǘ6ǚ29mg/100g 	 1ǘ30mg/100g g[$RVƶĸāńĤĳ	 2
2ǙŬìRVƶ$ǘ´ŵāń!/1®º!ƈśǘ´ŵƫÛāń 4 ÛŎ#Ąķ­#
ŎĜ²ĳ!Ư1ǘ´ŵ#+#āńRVƶ#pŬ	Ÿ	 ǙYĀǘíƊ
´ŵ$ 6.2mg/100g 	 1ǘ­	È,¯¹ƭ²Čóƺœ2ĤŅ®º!
2ú©ŎĜ#\ǀ	 2 6mg/100g 5Ưð2ǙPNUMV#RVƶ#¤ƹ
$ŵ!ģ'íƊ´ŵ/%¾ƹ´ŵ¿
ǘČƖǓ!-ǘ´ ŵāń5
Ɗ^$ǘÆŵÿ!/2RVƶ#āń52 ǘ RVƶ#pŬ5
Ɗ	Ÿ	 Ǚ*ǘ´ ŵ!/2RVƶāńƹ!ÐŘn#¤ƹ$Ò 
ǘÛğ5Ʒ"2®º_#ƈśƹ	¹2Ŵ03	ǘ´ ŵƫÛāń 3 Û
 96 
Ŏ 4 ÛŎ	 2ČƖǓ!$ǘRVƶƮ!/2ĤŘ#łŷǃÊ$Ə03 
Ǚ#,ǘRVƶ#pŬ5´ŵāń#+ŎĜ²ĳ5Ưð2¶ǘƫÛāń!/
2RVƶ#ƈś5Ŵîǘ´ŵ#āńƹ5 1.8t/10a(íƊ´ŵāńƹ)ǚ3.6t/10a(¾ƹ´
ŵāńƹ)#Ť«ƙţ2'
	 2Ŵ03ǘāńÛğ5Ʒ"2āń5
ıÒ	çƍ	 2öÏ3Ǚ*ǘRVƶāńƹ#¹	Śü#¹
!Ű	2µ¥(ťÖ0 2001)31ǘŵģƢ¯[ƴ{n#RVƶ£
ƹ	¹íƊ´ŵ#PNUMV$ǘŵ!ģƢŚü	¹
#!Ðǘ¯ [ƴ{n#RVƶ£ƹ	ŵíƊ´ŵ¡ŖÞ	 ĂČą
$ǘŚü-¡ŖÞ	 0ǘĤŘ#RVƶ£ƹ#¹$ĤŘ#Śü¹!Í]
Ŵ032ǙYĀǘǕŨ´ŵāń!/2®º_#ŬìRVƶ#¹$
ƹ&ãǊ5) µ¥(Ĥ0 2007)		 2.ǘǐÿ_#RVƶ£ƹ#
¹$ŬǒËň#õĨļ_!£*32RV#¹! 	1ǘŁ¸ƝƄ!Ű	2
óù-	 2Ǚ#,ǘ´ ŵāń!/1RVƶ¤ƹ5¹2$Ÿ
	 	ǘ#	#ŖÞƹ#¹!Í]2ǘ*ǘǐÿqv&#ãǊ
 !$ƗŪ!ėƓ2çƍ		 2Ŵ03Ǚ 
*ǘPNUMV#Ɔǉŕ#;R9OĶÞ$ĂČąģƢǔǙŚĊgä
#ƂƆ;R9OĶÞ	Ƈǔŭò3	śęō ļƞƣƦ!Ű	2 (ƚ
ÕWƻċ 1986ǘČĐ0 1988ǘPatrick 1987)µ¥31ǘǔ;R9OĶÞ	
ŌĺĊƽ_#Ś#ļƞƠĬ!Í]1ǘŚ#bļƷ¹ƍª#Y	 öÏ
32ǙǕŨ´ŵāń!/2®º#cøé;R9O#¹!/1ǘ¯ [ƴ{n#;R9
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O£Ĉƹ	¹ǘ¾ƹ´ŵ$Ɔǉŕ/%ƆƟ#;R9OĶÞ	ǔ 
0ǘǕŨ´ŵ#¾ƹāń$#đ5ǔ,öÏ3ǙYĀǘPN
UMV#Ɔǉŕ#;R9OĶÞ#¹$ǘŜä#ńĩ!ãǊ5)ǙŘ405
ĤŅ!Ƴx2¶ǘŘ40$®º&#;R9OpŬƹ	¾ǘĤŘ&#¤Ŀ	ǔ
ǘ;R9O£ƹ-¹2µ¥31(ǔĝ 2009ǘ ĵ 2011)ǘ®º&#;R
9OpŬĲ#Ř40ń	Ÿ	 2Ŵ2Ǚǘŧǐÿ#ń5
Ŵ¶ǘǔ;R9OĶÞ	¨ǌ 2Ǚǐÿ_#;R9O£ƹ$ǘŘ40!Ŧ5
£,LXS=UEK@8TXB#¶ǘYžō! 2%g\	 2	ĉ*
3ǘǐÿ_#;R9OĶÞ#3g[#¹$Ŭǒ3aĻ#ŲŊ#Ÿé	ǔ*2
.Óƹ#¹!/2Ł¸ƝƄ!Ű	232Ǚ#,ǘǕŨ´ŵ#¾ƹā
ńē±!ǘPNUMV#;R9OĶÞ#¹!Īë	çƍ	 2Ŵ032Ǚ 
 ;R9O¡ě!ǘǕŨ´ŵāń!/1®º_#cøé;SA9OĶÞ	¹
ǘPNUMV#¯[ƴ{n#;SA9O¤ƹ$¹öÏ32Ǚ
ǘ¾ƹ´ŵ$Ś#;SA9OĶÞ$m\Ǚ;SA9OĶÞ#m\$ǐÿ
qv#m\! 	2	ǘřǎ{ž;SA9OĶÞ	m,ǘ;SA9O5ǐÿ!
İ2	Yžō 20ǘ;SA9OĶÞm\!/2ǐÿqv&#
ãǊ$ÑöÏ3Ǚ 
YĀǘ®º_#cøéM>HA9OĶÞ$ǘ;R9O.;SA9Oŉ 1ǘ{
¡ŖÞ	 1ǘ´ ŵāń!/2ãǊ$+03 	ǘíƊ´ŵ/%¾ƹ´ŵ
$ǘPNUMV#ƆƟ#M>HA9OĶÞ	ǔǙĤŘ&#M>HA9Oāń
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!/1ŌĺĊ#ƠĬƩÞ	ƩǘƆƟ#Ɔƀ5ǔǘłŷäĊ* bļłŃ
5ŭò2	Ď2(ĈƸ 2010)µ¥32Ǚ#,ǘǕŨ´ŵāń!
/1ŌĺĊƽ_#ƆƟ#Ɔƀ5ǔŭòǘbļłŃƹ#¹#ƍª#YǘƆ
Ɵ#M>HA9OĶÞ#¹	Ŵ03Ǚ0!ǘPNUMV#Ɔǉŕ#M>HA
9OĶÞ	ǔ	ǘŌĺĊƽ_#Ś&#ƠĬƹ#¹!Í]Ŵ03Ǚ 
*ǘ[Ɣg½#´ŵāń!/2®ºÆé&#ãǊǘ pH#[ă	+03Ǚ
ĤŘ#łŷ!ư pH$ǘ5.0~6.5#àƶé	 2(Ɖ 2010)	ǘ´ŵāń5Ɗ
^$ 77.5 ŖÞ	 Ǚ#,ǘ´ŵāń!/1 pH 	[ă2,ǘm pH
®º!$®ºúſđ 2	ǘǔ pH®º$ĤŘłŷ&#ãǊ!Īë
	çƍ	 2Ŵ03Ǚ0!ǘ´ ŵāń!/1cøé;R9O.cøé;SA9
O	ǍƇ!¹#!ÐǘM>HA9O#¹$+03 0ǘ´ ŵ
āń$ǘĽÈ#Ǒ#+	¹2·²IQVC!»	ł2Ŵ03ǘĪ
ë	çƍ	 22Ǚ 
 
 PNUMV!2ǖĺĊ(9ć 25Ă)#¯[ƴbļƷ!,2ŌĺĊƽ_#bļłŃ
ƹ#$ǘĂČą/1¿
ǘŵ/1íƊ´ŵ.¾ƹ´ŵ¿
(Š
2-3-4Ƌ)Ǚ0!PNUMV#ŌĺĊƽ_#ŚƷ¹$ǘ3*!¡ƴl!ƈś
5ń$ÑǘíƊ´ŵ/%¾ƹ´ŵ$ 90Ǘg[	ŌĺĊƽ_
#¹!/,03(Š 3-3-7 Ƌ)Ǚ#/ ūđ0ǘPNUMV#Ō
ĺĊƽ_#łŃ	Ŧƹ!)ãǊ$¿
Ǚ 
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 0!ǘČƖǓ!ǘPNUMV$ǘŌĺĊƽ_#{Şũ£ƹ#¹ƹ	¿
ǘ
Şũ¤Ÿ	ǔŭò31ǘŌĺĊƽ_#Şũ¤	Ś#{Şũ£ƹ#¹!Í
]2-ĂČą!ģ'¿
Ǚ*ǘPNUMV$ǘ´ŵāń5Ɗ^
ŵ!ģ'ǘŌĺĊƽ_#{Şũ£ƹ#¹ƹ	¿
ǘŚ#{Şũ£ƹ#¹!Í
]2-¿
 0ǘ´ŵāń!/1ŌĺĊƽ_#Şũ¤ƹ5¹
ǘŦ#{Şũ£ƹ#¹!Ű2	Ÿ	 2öÏ3Ǚ0!ǘƆƟ#{
ŞũĶÞ5ǔŭòǘ9 ć 25 Ă#Ɔƀv-ǔ Ǚ#,ǘPNUMV$ĂČ
ą!ģ'ŌĺĊƽ_-sƆ#yðŸ5ǔŭòöÏ3Ǚ*ǘPN
UMV#łƆü/%Ɔǈś$ĂČą/1Ñ	ǘŌĺĊƽ_#ıÒ$Ñ
 Ǚg[/1PNUMV#bļłŃŸ	ŌĺĊƽ_-ǔŭò3Ŵ
03Ǚ 
 *ǘŦ#ŧDVJ=ƞ£ĈĿ$ǘǐÿqv5ƕq2[Ʒƍ ƍũ	 1ǘ*
ŞũĶÞŏƾ		 1ǘē±ō!Ć-».ƍũ	 2(ĐŅ0 1997)ǙYžō
!ǘǏńť#¶ǘŦ#ŞũĶÞ#¹$Ǐ¦#m\!Ű	2,ǘƲ2'
	 2
	ǘǐÿť#¶$Ǐ¦5Ŵî2çƍ	 ǘŞũĶÞ#¹!/2ŧDVJ=ƞ£
ĈĿ#¹$ǘ#**fƛ:HS<X#¹! 	1ǐÿqv	ǔ*2Ǚ*ǘČ
ƖǓ#¾ƹ´ŵ#PNUMV$ǘŧŹŶ	e/1Ò ǘfƛ:HS<X	e
¡ŖÞ	 1 	0ǘŧDVJ=ƞ$¾(Š 3-2-2 Ƌ)0ǘŦ5Ǖ!Ŭǒ
¶ǘ¾ƹ´ŵ#PNUMV#Ŧ$ǘǏ§×Ą#ßĔ.ŃĿ#m\.Ŋª 
2żŻ|ŹŶ#¹5ñ2Ŵ03Ǚ/ǘPNUMV#ē±!$ǘę
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Ŧ#ŞũĶÞ5ǔ,2	ĉ*32ǙŧDVJ=ƞ!ǘaĺĊ#ƆƟ#{Ş
ũĶÞ/%Ɔƀvľť#DVJ=ƞ£ĈĿ#Ġ#ŏƾ(ǖWĵŅ 1999).Ś÷Ċ
#Ɔƀľť#{ŞũĶÞ#Ġ#ŏƾ(ÕČW³Ƹ 1994)	µ¥32Ǚ[Ƥ#
ƨ1ǘPNUMV$ǘŌĺĊƽ_#Şũ¤Ÿ	ǔŭò3ǘŌĺĊƽ_#Şũ¤
	Ś#{Şũ£ƹ#¹!Í]2	¿
(Š 3-1-2-6ƋǘŠ 3-1-2-8Ƌ)Ǚ´
ŵāń!/1Şũ¤ƹ	¹2 ǘŌĺĊƽ_#Ś#{Şũ£ƹ#¹!
Í]2-¿
 (Š 3-1-2-8 Ƌ)ǙPNUMV$ǘ´ŵāń!/1ǘŌĺĊ
ƽ_#Şũ¤ƹ	¾ǘƆƟ#{ŞũĶÞ	ǔöŔ,ǘŜĄ#Ŧ#{Şũ
ĶÞ/%{ŞũĶÞŏƾ#	 2ŧDVJ=ƞ£ĈĿ#¹!Ű	Ŵ03
2Ǚ*ǘƥŵņĎ#Şũ$āŵä 1ƬƽŖÞ#őĊƽĭÁǘĤŘ	¤2
	Ď  2(ÇƉ 2004)µ¥32Ǚ#,ǘŌĺĊƽ_#Şũ¤$ǘ
ƥŵņĎ#Şũ$ ǘ®º!ƈś3Şũ	¿ƴ5,Ŵ032Ǚ
´ŵāń5Ɗ^$ǘ´ ŵƫÛāń!/1®º_!Şũ	ƈś32öÏ
3, 30#Şũ5ń2ǘƥŵ!ǋ2 ǘPNUMV#Şũ¤ƹ#
¹5¬2	Ÿ	 2Ŵ032ǙYĀǘŌĺĊƽ_#{Şũ¤ƹ#¹
$ǘŚ#{ŞũĶÞ#¹!$Ű	0ǘǔv5ŭò2!*Ǚ
*ǘPNUMVģƢǘŌĺĊg#{Şũ¤ƹ	¾ǘŌĺĊƽ_#Ś#{
ŞũĶÞ#¹ı	ÑĂČą#Ś#{ŞũĶÞ$ǘPNUMVģƢǔ 
2w¢	+03Ǚ/ǘŚ#{ŞũĶÞ5¹2,!$ǘŌĺĊg#{Ş
ũ¤	Ʒƍ	 2öÏ32Ǚ*ǘPNUMV#¾ƹ´ŵ$ǘƆǉŕ&#
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ƵĿ	e!ģ'ǔǘŏÐō!Ś&#ƵĿ	m\Ǚ#,ǘŌĺĊg
#Şũ¤ƹ	Ò ǘŌĺĊƽ_#Şũ¤ƹ	¾PNUMV!ǘŦ#Ş
ũĶÞ5/1ǔ,2,!$ǘŦ&#ŞũƵĿ5ǔ,2	çƍ	 2Ŵ2Ǚ
ǕŨ´ŵāń!/1{Şũ¤ƹ5¹2	Ÿ	 	ǘĿō!Ś!{
Şũ	ŔƊ32/1#đ$ǔ*2öÏ3ǘdä#ėƓƘǌǙ
*ǘČƖǓ$Ŧń5êÈ2	Ɔǉŕ#{Şũ£ƹ	¾0ǘ
ŧǐÿ#ń-ėƓ'
	 2Ǚ  
 0!ǘĂcǅ#¾é§ŗ	 2Îǁ 23 !ǘŚĊgä#bļłŃƹ
	¿
ǘ#!yì	¿
ãǊ1(þƉ0 1990)ǘPNUMV#Ō
ĺĊƽ#bļłŃŸ!-yì#ãǊ		 2Ŵ03Ǚ#,ǘÔl
#ƆǈśÙǘƆƟ{ŞũĶÞ/%ŏÐyáÞ0ǘyì!ėƓǙ
8 ć 25 Ă#PNUMV$ǘĂČą!ģ'ǘŏÐyáÞ	 40%g\#Ô#Ɔǈś	
ÑǘÐ!ŏÐyáÞ	 80%g[#Ô#Ɔǈś	¿
 1ǘĒ	 
1#yńĿ	ǔöÏ3ǙYĀǘ9 ć 25 Ă!ǘŵ/%íƊ
´ŵ$ǘŏÐyáÞ	 40%g\#Ô#Ɔǈś	PNUMV!ģ'ĂČąÑ
ǘ\Ô#ŏÐyáÞ$PNUMV!ģ'ĂČąǔw¢	+03Ǚǘ
#w¢$ǘŵ/%íƊ´ŵ#ĂČą#Ɔü/%Ɔǈś	¿
m\
,	 1ǘbļłŃ#¹!$ū% Ǚ^§ŗ-!¾ƹ´ŵ$ǘ
ŵ/%íƊ´ŵ!ģ'Ɔǈś$¿
	ǘŏÐyáÞ	 40%g\#Ô#Ɔ
ǈś	¿
ǘyńĿ	m\2Ŵ03Ǚǘ¾ƹ´ŵ#P
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NUMV$ǘ8 ć 25 Ă/% 9 ć 25 Ă-!ĂČąģ'2ŏÐyáÞ	 40%g
\#Ô#Ɔǈś	ÑǘÐ!ŏÐyáÞ	 80%g[#Ô#Ɔǈś	¿

ǘ30#Ô#ƆƟ{ŞũĶÞ-ǔ,ǘĂČą!ģ'Ē	 1#yńĿ
	ǔöÏ32ǙPNUMV/%ĂČą#ŚƆƟ#lűƾr!$ǘ
ČÉǓ$ 20 cm #11	 ,ǘƗŪ lűƾr5ô2$ǆ
ǙþƉ0(1990)$ǘŚ!/2ƱyŖÞ	§ŗ!/ŉ 25µ¥2
	ǘPNUMV$ĂČą!ģ'Śü	Ò ,ǘPNUMV#Ś!/2ƌƎŖ
Þ$ÑöÏ3ǘĽ!ĂČą#Śü#¹	ǍƇ	 ¾ƹ´ŵ$ƌ
ƎŖÞ#Ø	¿
Ŵ032Ǚ*ǘPNUMV$ĂČą!ģ'ƃZ	ǔǘ
Ôl#ƆǈśÙ!Y#Ô!Ù2	ÑǘÚÝÔ!°š!
Ù2w¢	+03ǘ\Ô&#y#ƧƮ	ĂČą!ģ'ſÂ	 öÏ3ǘ
#	¾ƹ´ŵ#^§ŗ#yì#Øŉ!Ű	Ŵ03Ǚ0!ǘP
NUMV$ƆƟ{ŞũĶÞ	ǔŭò3ǘÔl#ƆƟ{ŞũĶÞ#Ć-ǔÔm
Ô#ƆƟ{ŞũĶÞ#Ø	ĂČą!ģ'Ñǘ[Ô\Ô#yðŸ#Ø	Ñ
Ŵ03Ǚ/ǘ\Ô#Ɔ!-ĂČą!ģ'bļłŃŸ	ǔöÏ
3Ǚg[	PNUMV#ŌĺĊƽ_#Ɔǈś	 1#bļłŃĿ	ĂČą/1ǔ
ƍª	 2öÏ3Ǚ*ǘĂČą$ÝŤ«uj	+03	ǘPNU
MV$ĂČą!ģ'4 uj	 1ǘ#-¾ƹ´ŵ#yì/%b
ļłŃŸ#Øŉ!ãǊŴ03Ǚ 
2010 Û#ŧŦƷ$ǘPNUMV$ŵ!ģ'íƊ´ŵ 2 t	 	ǘĂ
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Čą$PNUMV!ģ'ŵíƊ´ŵ#Ø	Ñǘ§ŗƽŉ 2w¢	+
03Ǚ#ƍªǘPNUMV#Śü.ŧŦü$ǘĂČą!ģ'ŵíƊ´
ŵ#Ø	¿
	Ŵ032ǙPNUMV$ǘŌĺĊƽ_#Ś#bļƷ#¹
	{¡ŖÞ	 1ǘŚü.ŧŦü#¹!ÐłŃĿ	m\2 
ǘ#**ŧŦƷ#¹!Ű	2Ŵ03Ǚ#,ǘPNUMV#ŵ$ǘ
2010Û$ 2009Û!ģ'ǘƂü/%ŧŦü	Ò 	ǘŧŦƷ#ıÒ!Ű	1ǘ
ŵíƊ´ŵØ	łöÏ3ǘPNUMV#ƹ¹!$ǘŌĺĊƽ_
#bļłŃŸ#ŭò-!Śü/%ŧŦü#¹	çƍ	 2Ŵ03ǙŚü
$ĆǔĊ#Şũ¤ƹĠ#ŏƾ		 23( ĵ0 2011)ǘǕŨ´ŵāń!
/2Şũ¤ƹ#¹!/1Śü	¹Ÿé	Ŵ03ǙYĀǘYŚŦü$
{¡ŖÞ	 ǙYžō!ǘYŚŦü$ÜŚâðĊ#Şũ£ĈĿ#ãǊ52
32Ǚ#,ǘǕŨ´ŵāń!/1Şũ¤ƹ$¹	ǘ3!kƂ
ü.bļƷ-¹ǘūđŞũ£ĈĿ#¹!$Ű	0ǘYŚŦü	¹2
$ öÏ3Ǚ 
ĂČą$ǘ´ ŵ#¾ƹāń!/1Ƃü/%Ɔǈś	¿
¹	ǘYĀƆǈ
ś	ÎǄƮůƁ 1ǘųƅ|#yńĿ$m\ǘŌĺĊƽ_#Ɔǈś.{Şũ
ĶÞ#ıÒ/%ujŖÞ-¿
Ǚ#,ǘłŃĿ	m\ǘYĒŦü#¹
!ÐŌĺĊƽ_#bļłŃƹ	Ñ 1ǘŌĺġ#m\!Ű	öÏ
3ǙYĀǘPNUMV$ǘ´ŵ#¾ƹāń!/1ǘŌĺĊƽ_#{Şũ¤ƹ	¿

ǘƆƟ#{ŞũĶÞ/%Ɔǈś5ǔŭò2-!ƃZ	ǔǘuj-4
 104 
	 !/1ǘyì!-ĂČą!ģ'ſÂ	 Ǚ/ǘŌ
ĺĊƽ_-bļłŃŸ	ǔŭò31ǘYĒŦü#¹!ÐŌĺġ#m\
	ĂČą/1Ñ öÏ3ǘǕŨ´ŵ#¾ƹāń!/2ƹ#¹ƍª	 
2Ŵ03ǙYĀǘPNUMV$ǘŌĺĊƽ_#bļłŃƹ	¿
-ǘĂČ
ą!ģ'AV=Ìƹ-¿
,ǘPNUMV#Ōĺġ$ĂČą!ģ'm 
öÏ3ǘŌĺĊƽ_#bļłŃŸ50!ǔ,2ǘƹ5¹2	
Ÿ	 2Ŵ03Ǚ 
g[/1ǘ¾ƹ#´ŵāń$ǘǐÿńĤŘ§ŗPNUMV#¯[ƴbļƷ/%Ŧ
ƹ5¹2	Ÿ	 ǙPNUMV$ǘŌĺĊƽ_#ƆǈśÙ	yð
!Ĉ snĚƪ5œ1ǘ*ŌĺĊƽ_#Şũ¤-īŋ!Ɗ43ǘŌĺĊƽ
_#bļłŃŸ	Ŧƹ!)ãǊ$¿
Ǚ¾ƹ´ŵāń!/1ǘPNUMV
$Ś! Şũ5ƈś2-!ǘŌĺĊƽ_-Ɔ_#ŞũĶÞ5ǔŭò
2	Ÿ	 Ǚ#ūđǘŌĺĊƽ_#¡ƹ#¹5-0ǘŚƷ¹!
Í]2Ŵ03Ǚ*ǘ#ūđ$ǘ´ŵāń!/2ǘŌĺĊƽ_#AV= 
2Ŧü#¹!/2ŏ`đ	 2Ŵ03Ǚǘ´ ŵ#¾ƹƫÛāń!/1
®º&#Ǒ$ƈś1ǘ´ ŵ#¾ƹƫÛāń5Ɗ¶ǘ®ºǑĶÞ!ĪƐ
´ŵāńƹ5ĦÈ2çƍ		 2ǙČŒŝ#Ť«!$ǘǕŨ´ŵ 3.6t/10a#āń
ŎĜ#ƹ	 2 900kg/10ag[5Ưðǘ* 1.8t/10a#āń-ǘ850kg/10a#
ƹ5[Ǚ*ǘ3.6t/10a #āń5ƊĤŅ!ǔĶÞ#ǑĴź$+03
 -##Ǒ#ƈś	¬031ǘ3g[#āńƹ#¶ǘ¾¿ Ł¸ƝƄ
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!Ű	2Ÿé	Ŵ03Ǚ#,ǘǕŨ´ŵ 1.8tǚ3.6t/10a ŖÞ#āń	ǘPN
UMV#ŎĜ2ƹ5Ưð2-!ǘŁ¸ƝƄ!Ű	0 Ćư āńƹ	 
2Ǚ 
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« ± 
 uªn8f#ÁSe$gXyº&¬Áv4²|QTQT»²
T²TWkgXlh {¢DNÁ:uTQT»²T²TWklh 
3VN½DN	 d«c&¤$ÂÁ
%gX&¬:uTQT»²
T²TWklh Y}¼DNÁ0¡.DN«/	$Â 
 uT²TµT>lh 9Z¨DNÁ¿ozL	 W¸
T¥"gXA¦&¬ÂÁ
%PsA¦&¬uT
²Tµ²Tlh I®qDNÁH>lh \¶DNÁ!ÁuT²Tµ*'(
),+-T:lh ]F2DNÁH:>lh :DNd«/	$Â 
 $©x 	 ÁuT²M: J YG¯1~Pji&
¬#ÁÁ§À³£ÁYKQ~&PuTB|C@&`
ÂEa/	$Â 
 uTQT»;°#Ám?%	 PA¦&	 	 w[­.~Á
QT»<?Á76¾	 ·	 q¹&´3t5~Á=¡
R~Áb!#a&/	$Â 
 r_Á³£"uªn8fÁ#^ji%Up!3
~QOd«	 $Â 
  
  
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ÅŃ  
 
ÍÖ /ğñŐŤ"®óªĦŴ0 [êĕ^WŨĘ*óªŴăĄ
ōÉĆ+į^ÇÝ	s/ŵJËŴĈĄü!ñŐ"ÀŴ0 [Ť!
¤ĈŭÊ!_ĥ2Ŕg `
ŵý Ŵö|ŭÊ!ĹĥĀ" 12%]ŴŭÊĹ
ĥĀL!ņøŴŖ®!?36ûÊ!Ĝ ,/PćċĖüaÛ!Ųű!āþ
-ŴŭÊ!iăĄ!L	Ĩ!Ōū/ŵ0-!-Ŵi!ŭÊ
ăĄ!ŴōÉĆ+į^ÇÝ!ðąŴêĆ!äĳ¸2ħÁŭÊğăĄ	Õ
³0/ŵ      
ŭÊğăĄ "Ŵ]:;=¡¢ŲăĄ	¶Ū×Zë)-0
.ŴŬÊĹĥĀLtÙ!ņø- 900~1000 kg/10aē¯!~Ť2Čã/ŵŭ
ÊąğĔDBGAH Ŵġÿğ~Ť 900 kg/10a !ŲăĄ2Ş¾/ "Ŵ20 
kg/10a!Ěģ~Ť	¶Ń	 .ŴİÜ	NåĮ-0/ŵŴv İÊ
!ŤÌą"Ŵ:;=!s+ĂŏĽ	½·0.Ŵİ$!XÑ	ë)-0
/ŵJËŴŤ!ŔgŭÊ `ĈĄ"ŴÂk0ĸ¤ĈÂíü"ŕ
 h2Še/	
ŵ0-!Ń-Ŵ^ üÜ "v İÊ
 ÄŴár¤Ĉ!°Ýü2İvðą/	Ô'0/ŵ'Ŵ~ęü2¤Ĉ
$ĥů/¤Ĉ!Âíü2êĆ Še/"Ŵ´ Ăŕà!ņø-Óºĭ
	 /ŵ	ŴŭÊąêĕÜ /v İÊ!oó,#$!Óäü!
Še2ÃŜ/¶Ń		 /ŵ 
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ŭÊğĔ!Ü Ŵv İÊ2İ XÑ/ŴŬąğĔ è%Ť
!İÌą	¶Ń/ŵŴêĆ$!Ť!İÌą ,/ďń"ªŴİ
Ìą ,/!Ůlu»+ŭÊğĔ!Ůl~ ōÚŴşmİÌą
Ť2Î- /¶Ń		 /ŵ- ŴDBGAH!£ăĄ Ŧ/Ĕý¸2Rµ
 Ŵ~Ń2ŇØ/* ŴİÌą	0-!Ń }&²ũ2Î- 
/ŴşmİÌąŤ2ì¢ŴİŤÌą ,/ŭÊąêĕĔDBGAH
!¡¢ċŲ\ăĄ¿ł!Đě2ŵ  
êĆ ¼Łİw(N: 2.1%Ŵ1.8tDM/10a),#Ťİw(3.6tDM/10a)-# èœ
v İÊw!ň 3 w2ŊŴ 2009 ®(İś®Ìą 3 ®Č),# 2010 ®( 4
®Č) DBGAH,#0úÕ!ŖÍÖÐ!ÜŋŰ2Łŵ'ŴÖŋŰ
"Ŵ~ę£!ų$!ĥů0 ,.Âk0/ųĢ!İną2¹¢ŵ 
!ĤÙŴDBGAH!Ġ~Ť"ŴQ®* ŤİwÒ*ŴÍÖÐ!Ť
İwè% 6~52%Ŵ1004Ŷ1087 kg/10a2đŵ- ŴġĠ!ŭÊ¾
l2ë)ĤÙŴŤİw"ŴXŎ5>F8I	VwÓº¬	ŴġĠ~Ť	
Ò*-Ŵy\ŨĘ	 .!XŎ5>F8IăĄŤ*Ò* 2645 
Gcal/10 aŵYL!, ŴųĢİ!ŤÌą2Ł~Ť,#y\
ŨĘ	 .!XŎ5>F8IăĄŤ	sŵİ2ŤÌą/~Ť	
s/Ń ŴĊúÕťR!TüăĄ,#Ěģ~2RµYM!,
 Į§ŵ 
DBGAH!TüăĄ"Ŵkėp vš\ ŀĘ*!2ąq"©Ŵ
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ĊúÕťR!vl!z)/q	
Ŵ¼Łİw,#Ťİw"ý !
c	±ŵ!-ŴDBGAH!~Ť "ŴĊúÕťR!TüăĄ	

²ũ/Ã§0ŵ 
'ŴÍÖÐ è%ŴDBGAH!ĊúÕťR!Ěģ~ĳr"ŲŴė xlĚ
ģ2ŀĘ/* ŴĊúÕťR*ĿR!hĚģö¯2ŲħÁ/	ĳ
	 ŵ!ĤÙŴĊúÕťR!vŤ!s2*-Ŵėţsġ<
H@9őŤ!s ī	/ŭÊab!s *¥O/Į-0ŵųĢİ
!ŤÌą"Ŵvš\2/ŴŲĚģ_ĥ ,.DBGAH!h
Ěģ~Ť2sŴĿŒ!hĚģö¯2Ų)/Ŵf¾ĳ2Ų)Ã
§0/ŵ- ŴDBGAH!~Ť 
²ũ2}&ĊúÕťR *ųĢ
İ!ŤÌą ,/0-!tÙ"ŲħÁ0ŵ!)ŴİÌą ,/
êĕ$!Ěģ_ĥ!s"~Ť!s ī	.Ŵś®Ìą2ŁxlĚ
ģ_ĥ	ĳ	 ŵİ!Ìą ,/êĕ$!Ěģ_ĥŤ!s"Ŵś®Ìą ,
.Óä»Ěģ	ŀĘŴÓä»Ěģ!lŇŤ	s)Į-0ŴÜÕťRŴ
ùäv0Ěģ"č DBGAH ~0Ã§0Ŵõò!ùä»
Ěģö¯	Ăô2L/"ŵJËŴj!İÌą-êĕ!ĒÞ
'!ť ŴĚģ2")Ůl!ö¯"óª/c	(-0ŴŮl!õĵ
	ăÃ§0ŴİÌąÏÕ "ßŉ	¶Ń	 /Į-0ŵ    
- ŴĚģY!¾l *ųĢİÌą ,.~Ť	s	ŴD
BGAH!ĊúÕťR!TüăĄ ¥O.ŴĠ~Ť!s ī	/Ã§
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0ŵJËŴųĢİÌą ,/Ġ!7E4Cö¯!s	ŭÊab!]M ī	
/ĳ¸		 .Ŵïº	¶Ń	 /+êĕ!EHŢö¯!s	ăĲ+ŭÊab 
}&²ũßŉ%
Ōū*	 /ŵ 
 Lŗ!ř.ŴDBGAH"ŴĊúÕťR*ĿŒ!hĚģö¯2ŲħÁ.Ŵ
İ!ŤÌą ,.!b*
ŵ! sŴDBGAH"ĊúÕť
R*ĿŨĘ2ŲħÁŵ- ŴDBGAH"ŴĿŨĘ,#ĿŒĚģŤ!
l­q	ŴĎ¨f±¯!ŲL«Ų/fnątĀ!ŲâŚ	 
/+ÍÖÐ è%ļK	ŲŴĿŨĘ	Jš ¦ŧ/ŴĿŨĘ¦¯	]
Ŵé-Ĭľi!UŢv÷ģ_ĥ	Ł10+M«$!f!Řŝ	
ĺ/âŚ	 /	Î-ŵDBGAH"Ŵ!,¸ő2ÁĬ
ľâŚ	 / ,.Ŵİ!ŤÌą ,.ĿŨĘ	
s*Ŵŝ
ĩĻ -ŴĿŨĘ	 .!TüăĄtĀ	]M Ã§0ŵ
!)ŴDBGAH"Ŵİ!ŤÌą ¨ÓnĬľâŚ	 //ŵ 
 ų$!ĥů2¹¢ŴDBGAH!Ġ"Ŵų	ñvNĳġĪħ	Ŵ5
>F8IŤ!
ġĴı	ªŵİÌą ,.ŴDBGAH"ġ<H@9ő
	sŴġĪħ	óª.ŴŭÊab2Ų)/	ĳ	 ŵJËŴġ
Ĵı"İÌą ,.óª/c	(-0ŵİÌą ,.ŴXŎ5>F8I	
ē¯	 .	-Ų<H@9]Ĵı/"Ŵų!Ą{Ā!]M+ĉ ī	/
ū0/ķĶiĴı2Ŵóª/ŭÊ!nø		 /Į-
0/	ŴÍÖãôŭÊ¾l /Ġğ!ġĴıÓĀèœ*]ŴXŎ5>F
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8I!s!) "ŴÆ	¶Ń	 //ŵ 
 YL,.ŴDBGAH"ŴĊúÕťR!Ěģ~ĳr	ŲŴė xlĚģ2ŀĘ
/* ŴĊúÕťR*ĿR!hĚģö¯2ŲħÁ/	ĳ	 /
Į-0ŵ!)ŴÍÖÐ è%ĊúÕťR!TüăĄŤ	
ŴĊúÕťR!
ăĄ	Ġ~Ť }&²ũ*
ŵųĢİ!ŤÌą ,., DBGAH"Ŀ
ŨĘ	s/* ŴĊúÕťR*ÍÖÐ è%ĿŒhĚģö¯	ŲŴăĄ Ó
nâŚ2ħÁ)ŴĿŨĘ	 .!TüăĄtĀ*
ŵ!ĤÙŴĊú
ÕťR!vŤ!s2*-Ŵėţs ¥O/Į-0ŵ'Ŵ!ĤÙ
"Ŵİś®Ìą ,.ĠÈ2 ,/ĎStÙ	 /Į-0/ŵ
Ť!İÌą ,.Ċúç,#ġĴıÓĀ	]M	ŴĊúÕťR!hĚ
ģŤ!s	Ġ!ġ<H@9őÓĀ!s ī	.ŴġĪħÓĀ*óª/Ŵ
ų$!ĥů2¹¢ŴÓn dŵYL!,Ń-Ŵİ!ŤÌą"
DBGAH!ăĲ Ót	 Į/ŵŴŤ!İś®Ìą ,.$
!Ůl"ŀĘ.ŴŤİś®Ìą2ŁŴŮlö¯ ïŅİÌą
Ť2ì¢/¶Ń		 /ŵÖŋŰ!Ğ ųĢİ3.6t/10a!ÌąČã!~Ť
	 /1000kg/10aYL2Ş¾Ŵ1.8t/10a!Ìą*Ŵ850 kg/10 a!~Ť2Lŵ
3.6t/10a!Ìą2ŁêĆ Ůl!ŀĘ	-0.Ŵ0YL!Ìą"Ŵ
ĂŏĽ ī	/ĳ¸	Į-0ŵ!)Ŵ®æ ,.ųĢİ1.8tŶ3.6t/10aē
¯!ÌąŤ2ōĝ/	ŴDBGAH!Čã/~Ť2Ş¾/* ŴĂ
ŏĽ ī	-şmÌąËî	 /Į-0/ŵ 
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1)Ćɑɱ 2011ˋƨǩåö)-ȐȢ ř¶ƨȋƖì$ Łǧʤ-ǿȏˋåȵɤ
75ˊ549-552. 
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The establishments of high yield production of forage rice variety 
Momiroman by heavy application of compost 
Gaku Arisawa 
 
Sammary 
 Rice consumption in Japan continues to decrease every year, which also 
causes decreasing paddy rice acreage and increasing production adjustment 
of fields and desertion of cultivated land. Moreover, along with expanding 
consumption of livestock products, large amounts of animal feed have been 
supplied through imports. Particularly, the self-sufficiency rate of 
concentrated feed is as low as 12%. From the perspective of feed 
self-sufficiency rate improvement and present conditions of remarkable rise 
of global grain prices through competition with biofuels, improvement of 
domestic production of feed presents an urgent problem. Therefore, feed 
cultivation using adjusted fields and deserted cultivated land, and 
maintenance of functionality of rice fields is anticipated as domestic feed 
production areas.  
In feed rice cultivation, low-cost and stable production are demanded as 
necessary conditions. The ideal yield amount is about 900–1000 kg/10 a from 
the viewpoint of the food self-sufficiency rate improvement effect. As for 
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Momiroman, a kind of forage rice, it is thought that large quantities of 
chemical fertilizers are necessary because 20 kg/ 10 a of nitrogen absorption 
is indispensable to achieve high production such as 900 kg/ 10 a of gross 
brown rice yield. However, with respect to large quantities of chemical 
fertilizer application, increased cost and environment impact are concerns. 
Therefore, it is necessary to use compost as a substitute. The enormous 
livestock waste by raising stock is attributable to large quantities of 
imported feed, which raises environmental problems such as water pollution 
to rivers, without the ability to return all waste to farmland use. Considering 
these factors, instead of chemical fertilizers, it is desirable to use compost 
from livestock waste to the greatest extent possible in crop cultivation. 
Additionally, feeding of crops to domestic animal and return of excrement of 
domestic animals have great meaning for the performance of rice fields from 
the viewpoint of sustainable agriculture. Therefore, it is necessary to 
promote decreased use of chemical fertilizers and reduction of organic 
nutrients to soil in forage rice cultivation. Greater quantities of compost 
application are required compared to that for edible rice if we use compost as 
a substitute for chemical fertilizers in forage rice cultivation. However, little 
knowledge exists about large quantities of compost application to rice fields. 
It is necessary to investigate nutrient changes in soil that take place through 
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compost application and nutrient absorption of forage rice, and to clarify 
appropriate quantities of compost applications. For this study, the author 
cultivated Momiroman with application of compost, with subsequent 
investigation of nutrient changes of soil and soil solution, in addition to 
growth, nutrient absorption and the yield of Momiroman. Mainly in relation 
to properties about grain production of Momiroman, this study analyzed 
factors for large yields, and ascertained appropriate quantities of compost 
application by clarifying the influences of compost application on those 
factors, with planned establishment of stable high yield production of forage 
rice Momiroman by compost applied in large quantities.  
We cultivated a forage rice Momiroman and an ordinary paddy rice 
Nipponbare in paddy fields with compost or chemical fertilizer in 2009 (third 
year of compost application) and 2010. Plots of three types were prepared: 
one with chemical fertilizer (CF); one with small-quantity compost (SC) (N: 
2.1%, 1.8 tDM/ 10a); and one with large-quantity compost (LC) (3.6 tDM/ 
10a). 
Results show that the paddy yield of Momiroman in LC was the greatest in 
both years. The Momiroman of LC had 6–52% larger yield than that of 
Nipponbare. It reached 1004–1087 kg/ 10 a. In addition, metabolic energy in 
LC is on the same level with other plots. Metabolizable energy production 
 125 
per unit area in LC became 2645 Gcal / 10 a. It is thought that increasing the 
yield of Momiroman is possible through compost application in large 
quantities. The author considered mainly the factors of dry matter 
production and nitrogen absorption of the ripening period.  
As for dry matter production of Momiroman, the ratio of using materials 
accumulated in assimilation parts before the full heading time was small, 
and the ratio of the assimilation part in the ripening period was large. This 
tendency was particularly strong in SC and LC. Therefore, it was assumed 
that the dry matter production ability in the ripening period contributed 
greatly to the yield of Momiroman.Nitrogen absorption ability during 
ripening period of Momiroman is high in comparison with the Nipponbare. It 
was caused to accumulate enough nitrogen of ear and maintain a high 
nitrogen concentration in the leaves during the ripening period.As a result, it 
contribute to an increase in dry matter production during the ripening period, 
an increase of ear weight, and the increase in feed value due to increase in 
protein content of ear.Heavy application of compost increases the 
assimilation part. High nitrogen supply by heavy application of compost 
increases the total nitrogen uptake and the total nitrogen concentration of 
leaf. These effects of application of poultry manure compost in a large 
quantity were maintained high at ripening period.Therefore, the increase in 
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the nitrogen supply from compost annual application had led to an increase 
in yield.The increase of Decomposition of the organic nitrogen by compost 
continuous application was led to an increase in nitrogen supply to rice. 
Nitrogen had been absorbed Momiroman as soon as it is mineralized during 
the growing season. Inorganic nitrogen concentration of the soil solution did 
not exceed the environmental standards. On the other hand, the 
concentration of each nutrient that including nitrogen tended to decrease 
during the period from compost application to paddy rice transplantation. 
Therefore, I thought to require studied compost application time. 
In addition, absorption amount of the nutrients other than nitrogen by 
poultry manure compost application that has increased, it has been inferred 
that have contributed to the increase in dry matter production of ripening 
period and paddy yield of Momiroman. On the other hand, there is a 
possibility that the increase in rice of potassium concentration by poultry 
manure compost application leads to a reduction in feed value. Increase of 
phosphoric acid concentration of rice is should consider the impact on the 
growth and feed value. It is necessary to note the above. 
 As described above, Momiroman maintains a high nitrogen concentration 
of leaf during ripening period, its value was also increased by a large amount 
application of compost. In addition, Momiroman was maintaining a high leaf 
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area during the ripening period. Momiroman has structure of high light 
utilization efficiency by the distribution ratio of leaf area and leaf nitrogen 
amount is high at high upper of relative light intensity. The leaf area of 
Momiroman increased in LC, and the decrease ratio in the ripening period 
was less than that of Nipponbare. In addition, Momiroman is taller than 
Nipponbare. Therefore, the leaf area can not crowd in a part and leaf area 
density is lowered. The CO2 supply from the air is easily conducted and light 
is transmitted to the lower layer. Because the leaf area density is low. Even 
if the leaf area was increased by heavy application of compost, Momiroman 
difficult to reduced dry matter production efficiency per leaf area. 
 Therefore, the community structure of Momiroman is advantageous to 
heavy application of compost. 
 Paddy rice of Momiroman have many crude fiber and small crude fat. 
Compost application was reduced the crude fiber and increased the crude 
protein of Momiroman. It was possible to increase the feed value. On the 
other hand, compost application was reduced the crude fat. Increase in 
intra-abdominal fat leads to decrease of egg-laying rate and to increase of 
illness. Decrease of crude fat by compost application is expected to reduce the 
abdominal fat. However, Crude fat content of Momiroman is lower as 
compared to the crude fat content of the paddy rice in Japan Standard feed 
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ingredientsIncrease in metabolic energy requires an increase in crude fat 
content. 
Nitrogen uptake and dry weight were greater in Momiroman than in 
Nipponbare in both chemical fertilizer and compost plots. The results also 
showed that the ear weight increases with the increase in assimilation 
during the ripening period. The leaf area was large and leaf nitrogen 
concentration hige in Momiroman in the large-compost plot, even during the 
ripening period. Momiroman had longer plant length than Nipponbare, and 
its leaves were widely distributed from the lower to upper part of the stem: 
this structure reduced the loss of relative light intensity regardless of the 
leaf area increase and maintained good radiation interception. Consequently, 
although Momiroman has a smaller leaf area than Nipponbare, the dry 
matter production per leaf area and dry matter production are larger in 
Momiroman than in Nipponbare at the ripening period. From these results, 
we conclude that application of poultry manure compost in a large quantity 
increases the assimilation at the ripening period; thus compost in a 
large-quantity compost can increase the yield and protein of Momiroman.It 
was inferred that the above-described factors led to the increased yields of 
Momiroman. However, the nutrients in soil accumulate by annual 
application of compost in large quantities every year. It is therefore 
 129 
necessary to watch the soil nutrient density closely to ascertain the quantity 
of compost application when performing large quantity compost application 
every year. Higher than 1000 kg/10a was achieved, which was the intended 
yield by poultry manure compost application of 3.6 t/10a. Even application of 
1.8 t/10a gave a yield of 850 kg/10a. Nutrients in paddy fields accumulated 
by compost application of 3.6 t/10a. The possibility that further application 
led to environmental loading was considered. Therefore poultry manure 
compost application of 1.8 t–3.6 t/10a achieved the intended yield. It is a 
suitable application quantity that does not engender an environmental load. 
 
 
 
